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Merck Announces a Superior New Coccidiostat 


NiCarbazin 


NiCarbazin is an entirely new chemical 
developed by Merck specifically for the 


prevention of coccidiosis outbreaks in 


chickens. It is more effective than any 
other coccidiostat now used for con- 


tinuous preventive feeding. 


STRIKES EARLY IN LIFE CYCLE 


NiCarbazin attacks dangerous species of poul- 
try coccidia early in their life cycle. It destroys 
the parasites before they extensively injure 
the birds’ ceca and intestines. This protection 
of the gut is so complete that exposed birds 
on NiCarbazin do not have bloody droppings. 
At the same time, NiCarbazin permits the 
normal development of immunity. 


CAN CUT DEATHS TO ZERO 


Hundreds of millions of birds have been fed 
on feeds containing a preventive level of 
NiCarbazin. The results from every broiler 
area confirm extensive field trials and p‘lot 
experiments, where death loss ran as high as 
60 per cent in control pens. No mortality or 
morbidity was observed in NiCarbazin-pro- 
tected birds. 

ELIMINATES TISSUE DAMAGE 
NiCarbazin prevents damage of the intestinal 
lining that so often results in unthrifty, low- 
quality birds. 


PROMOTES SUPERIOR GROWTH 
AND FEED EFFICIENCY 
At marketing time NiCarbazin-fed birds have 
weighed 5 to 6 per cent more than untreated 
birds and have reauired less feed per pound 
of gain. 

INCREASED POULTRY PROFITS 
Because they are protected completely against 
alldamagingcoccidia, NiCarbazin-fed broilers 
are heavier, show finer finish, and bring pre- 
mium prices. The greater the exposure to 
coccidiosis, the greater is the return over feed 
cost when birds receive NiCarbazin. 


AVAILABLE THROUGH FEED SUPPLIERS 
NiCarbazin is available in poultry feeds of 
leading manufacturers. These feeds provide 
the most complete protection possible against 
coccidiosis outbreaks. 


Technical information on NiCarbazin available on request. 
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Studies on Arthritis in Swine 
|. Experimental Erysipelas and Chronic Arthritis in Swine 


DENNIS SIKES, D.V.M., Ph.D.; GEORGE M. NEHER, Ph.D.; L. P. DOYLE, D.V.M., Ph.D. 


Lafayette, Indiana 


SwIiNE erysipelas is a disease in which 
great variations occur. The morbidity and 
the mortality, as well as the clinical and 
pathological manifestations, are extremely 
variable. The number of animals that re- 
cover spontaneously varies a great deal in 
different herds. Moreover, it is often fu- 
tile to attempt to predict whether or not 
the disease will recur on any farm. 

The causative organism is assigned to the fam- 
ily Corynebacteriaceae and genus Erysipelothrix 
according to Bergey.* Pasteur and Dumas 
scribed the organism, and Loeffler” is credited 
with the first observation of the organism in swine. 
He observed the organism in the blood vessels 
of a pig which apparently had died from swine 
erysipelas and thought it was similar to Koch’s 
Erysipelothrix muriseptica. Later, Rosenbach* 
suggested the names Ery. muriseptica, Erysipelo- 
thrix porci, and Erysipelothrix erysipeloides for 
the mouse, pig, and human organisms, respectively. 
Konst “ has suggested the possibility of two vari- 
ants of Erysipelothrix rhusiopathiae, the highiy 
virulent one prevalent in Europe, and a less viru- 
lent one in North America. The observations of 
Breed‘ do not support this concept, in that the 
disease is spreading in North America and is of 
great economic importance. Perhaps the more viru- 
lent strains have been imported in swine originat- 
ing in Europe. Konst” further suggests that 
Koch’s Ery. muriseptica may be considered as an 
attenuated strain of Ery. rhusiopathiae because of 


de- 


This investigation was supported in part by a research 
grant A—45(C2) from the National Institute of Arthritis 
and Metabolic Diseases of the National Institutes of 
Health, Public Health Service. 

Taken from thesis, “The Pathological Effects of the 
Bacterium Erysipelothriz rhusiopathiae on Swine,” sub- 
mitted to the faculty of Purdue University in partial ful- 
fillment of the requirements for the degree of Doctor of 
Philosophy, August, 1954. Present address (Sikes): De 
partment of Pathology and Parasitology, School of Vet- 
erinary Medicine, University of Georgia, Athens. 

Submitted as journal paper No. 837, Agricultural Ex- 
periment Station, Purdue University, Lafayette, Ind. 


similar morphological, serological, and immunologi- 
eal characteristics, and both are equally patho- 
genie for small animals. Prettner,” and Rickman ™ 
were unable to differentiate between the three spe 
cies described by Rosenbach.” The relationships of 
the microorganisms isolated from man, sheep, chick- 
ens, turkeys, and swine have been studied by Beau 
dette and Hudson,* Klauder and Harkins,” and 
Van Roekel et al.” who were not able to show any 
significant cultural differences between strains. 

The characteristies of Ery. rhusiopathiae, accord- 
ing to several investigators,” are 
varied. Karlson and Merchant™ used 60 differ- 
ent strains of Ery. rhusiopathiae and concluded 
acid was produced readily from dextrose, lactose, 
galactose, and levulose. A delayed reaction oce- 
curred on mannose and cellobiose. No acid forma- 
tion was observed on arabinose, xylose, rhamnose, 
maltose, melibiose, sucrose, trehalose, raffinose, mel- 
izitose, dextrin, starch, inulin, amygdalin, salicin, 
glycerol, erythritol, adonitol, mannitol, sorbitol, 
duleitol, or inositol. 

Natural outbreaks of Ery. rhusiopathiac 
tions have been recorded in sheep, cattle, horses, 
turkeys, ducks, peacocks, and farm- 
raised mink.””’"™ Also, infections in man have 
occurred from handling fish, from infected meat 


in slaughterhouses, as well as in workers in bone 


infee 


pheasants, 


button factories and in veterinary students.’ 

The economic importance of swine 
and chronie arthritis in swine has been empha- 
sized for more than a half century in Europe. It 
has been of great concern in the United States 
Arthritis 
second or third as the cause of condem- 
federally inspected 


erysipelas 


during the last two decades only. has 
rated a 
nation of swine 
meat packing plants for the last seven years. Ac 
cording to the annual report of the Bureau of 
Animal Industry, U. 8. Department of Agricul 
ture (B.A.I., U.S.D.A.),” the number of carcasses 
condemned for arthritis in 1952 was 22,196. This 
represents only a portion of the economic loss due 
to the disease. Arthritis often has a marked stunt- 
ing effect on growing pigs. 


carcasses at 
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Attempts to reproduce swine erysipelas in swine 
have met with inconsistent and limited 
Creech * exposed 22 pigs which were negative to 
the agglutination test for Ery. rhusiopathiae, The 
methods of exposure were by feeding and by intra- 
and intraperitoneal inocula- 


success, 


venous, subcutaneous 
tion. Five pigs died and the organism was isolated 
from the spleen, liver, kidneys, and blood. Six 
pigs survived after showing symptoms of the dis 
ease while 11 pigs showed no evidences of the dis- 
ease. Schoening et al. inoculated 10 hogs with 
splenic emulsions and cultures taken from swine 
which died of erysipelas. Sixty per cent developed 
acute swine erysipelas while 40 per cent became 
chronically affeeted. 

Ward™ isolated Ery. rhusiopathiae from 16 of 
22 sets of legs of arthritic pigs. He inoculated 1 
pig intravenously with a suspension of the joint 
exudate and later gave two additional injections 
of the organisms. Later, the pig developed arthri 
tis with extensive bone and connective tissue pro 
liferation similar to the natural disease. The le 
sions were negative when examined bacteriologi 
eally. Intravenous inoculation of adult hogs 
yielded negative results 

Collins and Goldie® produced advanced chronic 


polyarthritis in 4 shoats which received repeated 
intravenous injections and in 4 shoats which re- 
ceived repeated subcutaneous injections but not in 
shoats receiving only one or two intravenous ex- 
posures of 2 ec. of a 24-hour broth culture of the 


organism. 

Usdin et al.” reported the use of repeated injee- 
tions of Ery. rhusiopathiae and a filtrate from the 
organisms grown in infusion broth for forty-eight 
hours. No arthritis developed in the group receiv- 
ing the filtrate. Of 8 shoats receiving repeated in- 
jections of culture, only | developed severe poly 
arthritis which persisted for seven months. A less 
severe form of arthritis developed in the remain 
The symptoms were maximum at 


ing 7 animals. 
fexr to five months, and recovery occurred by nine 
months. 

Kobe,” in reviewing Loeffler’s original work on 
swine erysipelas, reported that Loeffler injected 13 
hogs with tissues from mice which had been in 
feeted with swine erysipelas and with cultures of 
Ery. rhusiopathiae. Only 1 of 13 pigs showed any 
significant symptoms, and the necropsy findings 
suggested it died of some cause other than from 
infection resulting from the injection of culture. 

Numerous antigens have been prepared for the 
serological diagnosis of Ery. rhusiopathiae infee- 
tions. The tube agglutination test developed by 
Schoening et al.” when properly conducted and 
interpreted, shows some promise. Karlson and 
MeNutt’” have reported on a microscopic aggluti- 
nation test which also shows promise. In both of 
these serological tests, the choice of the strain 
used and the manner of preparation of the antigen 
seem to be the important factors. 

The object of this series of experiments 
was to study the pathological changes 


caused by Ery. rhusiopathiae in swine and 
their relationship to arthritis. Observa- 
tions by Doyle* have indicated that natu- 
rally oecnrring arthritis in swine has some 
pathological features similar to those ob- 
served in the human being. It may be that 
findings in arthritis in swine will be of 
value in research on human arthritis. 


MATERIALS AND METHODS 


A tota. of 248 swine was used in these experi 
ments; 8 had naturally occurring field 
swine erysipelas, and 240 were experimental ani 
The experimental from four 
sources. All were vaccinated hog cholera 


eases of 


mals. swine came 
against 
by using hog cholera antiserum and virus at wean 
ing time, except 14 shoats which were used in an 
experiment to compare the effects of Ery. rhusio 
unvaccinated shoats. 


vaccinated and 


between 3% and 5 


pathiae on 
All animals were 
age, weighed between 75 and 175 Ib. and were in 
excellent health. The first group of 21 hogs were 
Duroe and Poland China grades, weighing between 
150 and 175 lb. each. A complete history of these 
21 hogs was not available. The second group of 
40 pigs, 3% months of age and weighing 75 to 90 

where there was 


months of 


Ib., came from a pig ‘‘hatchery’’ 
no record in the herd history of swine erysipelas. 
These were crossbred Poland China, and 
Chester Whites in excellent health. The third 
group of 20 shoats was purebred Chester Whites 


Duroe, 


no swine erysipelas has been 
observed herd 1948. 
The remainder of the experimental animals were 
a herd appar 


herd where 


since the 


from a 
was assembled in 
also purebred Chester Whites from 
ently free of swine erysipelas since it was estab 
lished in 1941. 

Three plans of management of the experimental 
animals were used. In plan A, the animals were 
kept in a barn in pens with cement floors. Self 
feeders or feed troughs were used. In plan B, the 
animals were placed in a %-aere dry lot with self 
Small hog houses and shade were avail- 


feeders. 
able. In plan C, the animals were placed on a 
aere alfalfa and Ladino clover pasture with hog 
houses, shade, and self feeders. Hereafter, refer- 
ence will be made to management plan A, B, or C. 

The feed consisted of a well-balanced commer- 
prepared hog grower containing adequate 
When feed 
liberally 


cially 
minerals, vitamins, fat, and 
troughs were used the hogs 
twice daily. 
Tryptose agar 
isolations of cultures. 
incubated for twenty-four 
(Difeo, brain, liver, heart 
and then 
made at 


protein. 
were fed 
(Difeo) was used for primary 
Later, stock cultures were 
hours in a_ semisolid 
pH 7.2) plus 
placed in a 
monthly 


medium 
10 per cent 
refrigerator. 
intervals. 
The identification of the organisms consisted of 
staining according to Gram’s method, mouse and 
fermentation studies. 


horse 
Transfers 


serum 
were 


pigeon inoculations, and 


. “ 
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Routinely, each of 8 mice received 0.1 ce. of a 24- 
hour semisolid culture subeutaneously. Five of the 
group received 0.5 ec. of a potent swine erysipelas 
antiserum intraperitoneally. The antiserum was 
supplied by the B.A.I. of the U.S.D.A. Each 
pigeon used was given 0.5 ec. of the same culture 
injected into the pectoral muscles. Eight different 
cultures of Ery. rhusiopathiae were isolated from 
hogs with naturally oecurring less acute swine ery- 
sipelas, one from a hog with advanced chronic 
erysipelas showing arthritis, and the other seven 
from hogs with acute septicemic erysipelas. Stand- 
ard laboratory procedures for total white cell 
counts, differential white cell counts, and sedimen- 
tation rates were used for blood studies on nor- 
mal and infected swine. All blood samples were 
drawn from the anterior vena cava. 


RESULTS 

Experiment 1, Classification of Cul- 
tures.—Eight tubes of each of 17 carbohy- 
drates were used in fermentation studies 
for each culture. The mediums were steri- 
lized by autoclaving at 15 lb. of pressure 
for fifteen minutes. All inoculations were 
made by using a loop of a 24-hour culture 
of the organisms grown in the semisolid 
medium. Readings were made at forty- 


eight hours, and again at ninety-six hours, 


to see if further changes occurred. No gas 
was produced in any case. The results of 
these studies (table 1) are in general ac- 
cord with those of Karlson and Merchant." 

Eight groups of mice having 8 individ- 
uals each were injected subcutaneously 
with 0.1 ee. of a 24-hour growth of each of 
the eight cultures in a semisolid medium. 
Five of the 8 mice in each group received 
0.5 ec. of a potent swine erysipelas anti- 
serum intraperitoneally. Evidences of an 
acute septicemic disease were present in all 


24 mice not protected by antiserum by the 
forty-eighth hour postinjection. At least 1 
mouse in each group died by the sixtieth 
hour, and all were dead by seventy-two 
hours. Erysipelothrir rhusiopathiae was 
isolated from the heart blood and liver of 
each mouse that died. The mice receiving 
antiserum remained well. 

An intramuscular injection of 0.5 ee. of 
a 24-hour growth of organisms from each 
of the eight cultures was made into 8 pig- 
eons. All of the pigeons were visibly ill by 
forty-eight hours and all were dead by 
seventy-two hours. Cultures made from 
their heart blood, and liver were positive 
for Ery. rhusiopathiae. 

Experiment 2, Repeated Exposure of 
Swine to Cultures of Erysipelothrix Rhu- 
siopathiae Isolated from Swine with 
Chronic Arthritis and Cultivated on Tryp- 
tose Agar.—A rough colony of Ery. rhu- 
siopathiae was isolated from the carpal and 
tarsal joints of a hog with naturally occur- 
ring chronic arthritis. Using the technique 
of Marsh,** the organisms were teased off 
the surface of a 48-hour growth in a tryp- 
tose agar tube into 3 ce. of physiological 
saline solution. All injections in this ex- 
periment were from this source of material. 

a) Each of 5 hogs received 3 ec. of the sus 
pension of organisms subcutaneously at weekly 
intervals for three weeks, was given three weeks’ 
rest, and then each received 6 ce. subcutaneously. 
Two untreated hogs were placed in contact with 
them. 

b) Each of 5 hogs received three weekly intra 
muscular injections of 3 ce. of the suspension of 
organisms. After a three-week interval each re 
ceived 6 ec. of the suspension intramuscularly. 
Two hogs were placed in contact with them. 

c) Each of 5 hogs received three weekly intra 


TABLE 1i—Results of Fermentation of Carbohydrates 


‘ulture Number 


Carbohydrate 


a 


IV 


D-glucose 
D-fructose 
D-galactose 
D-mannose 
Arabinose (1) 
Xylose (d) 
Lactose 
Maltose 
Sucrose 
Raffinose 
Dextrin 
Inulin 
Soluble Starch 
Salicin 
Dulcitol 
Glycerol 
Mannitol 


+ 


+ 
+ 


| 
HHH | 
HHHH+4 


| 
| 
| 


< 


+ Acid; + slight acid; — no acid; *—96 hour. 


= 
= VII | 
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venous injections of 3 ce. of the suspension of or- 
ganisms in the marginal ear vein. Three weeks 
later each received 6 ec. intravenously in the ear 
vein. Two hogs were placed in contact with them. 

The experiment gave almost completely 
negative results. Only 2 hogs in group 
‘*e’’ (intravenous injections) showed a 
temperature of 150.0 F. and 105.5 F. for 
two days following the original injections. 
None of the cardinal symptoms of erysi- 
pelas, acute or chronic, were manifested. 
All animals remained healthy and made 
good weight gains during the experiment. 
Their previous herd history was not avail- 
able except that they had been vaccinated 
against hog cholera at weaning time. 

Experiment 3, Intravenous Exposure 
with a Smooth Colony of Erysipelothrix 
Rhusiopathiae Isolated from an Acute Sep- 
ticemic Field Case—It was decided to use 
a new approach to the problem by using 
shoats from herds known to be free from 
swine erysipelas, by using a smooth-type 
colony from a naturally occurring acute 
septicemic case, and by culturing the or- 
ganism in a semisolid medium which has a 
reduced oxygen pressure and enriched 
with 10 per cent horse serum. 

a) Each of 17 shoats received 10 ce. of a 24- 
hour culture of the organisms intravenously in the 
anterior vena cava. Twelve untreated shoats were 
placed in contact with these animals. 

b) Each of 14 shoats received 20 ee. of a 24- 
hour culture of the organisms in the anterior vena 
eava. Four shoats were placed in contact with 
them. 

In experiment ‘‘a,’’ 


6 of the 17 shoats 


Fig. 1—Extensive erythema of the skin of a white 

pig in acute swine erysipelas four days following 

intravenous exposure to Erysipelothrix rhusio- 
pathiae. 


injected intravenously died of acute swine 
erysipelas during the first six days and 5 
others developed chronie erysipelas with 
arthritis. The other 6 shoats showed no 
febrile response or any other evidences of 
illness. 


Fig. 2—Radiogram of the carpus of a hog nine 

months after exposure to Erysipelothrix rausio 

pathiae, showing obliteration of joint spaces, 

ankylosis, and osteophyte formation. Metacarpal 
bones on the right. 


At necropsy, the 6 shoats which died of 
acute erysipelas showed the usual gross 
pathological changes associated with acute 
septicemic swine erysipelas. Numerous 
bluish purple areas were present on the 
abdomen, across the sides, under the neck, 
and on the ears (fig. 1). The superficial 
lymph nodes were edematous, swollen, 
hemorrhagic and had a mottled appear- 
ance. The spleen was enlarged and had 
numerous deep bluish purple areas. A few 
small petechial subcapsular hemorrhages 
were present in the cortex of the kidneys. 
The liver appeared swollen, congested, 
soft, and friable. An extensive dark red 
hemorrhagic gastritis was observed in the 
lower half of the stomach and the inflam- 
mation of a lesser degree extended into the 
upper third of the duodenum. The gastro- 
hepatic and mesenteric lymph nodes were 
hemorrhagic and edematous. The pancreas 
appeared normal except for the head which 
seemed firm and enlarged. A few epicar- 
dial hemorrhages with some congestion 
were observed on the heart. The adrenal 
glands were enlarged, soft and had many 
cortical hemorrhages. Cultures from the 
lymph nodes, head of the pancreas, brain, 
heart blood, liver, and adre- 
nal glands were for Ery. 
rhusiopathiae. 

Two of the 


spleen, 
positive 


5 animals which developed 
chronic arthritis recovered spontaneously 
sixty days postexposure, while the other 
3 developed marked enlargements of the 
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joints. One animal was unable to get up 
without assistance sixty days postexposure 
and was killed seven months later. At nec- 
ropsy, extensive proliferative coxitis and 
spondylitis were present. The carpal and 
tarsal joints were enlarged, and bony anky- 
losis and exostosis had occurred as shown 
by radiograph (fig. 2). The left adrenal 
gland was rounded, fiat and firm, suggest- 
ing some rearrangement of the normal ar- 
chitecture (fig. 3). The kidneys were en- 
larged and dull gray in color. Numerous 
sears, 20 to 30 mm. in diameter, resembling 
healed infarets were present. All other 
viscera appeared to be normal. Bacterio- 
logical cultures made from the leg joints 
were negative. 

The other 2 animals were killed six 
months postexposure and showed advanced 
polyarthritis and bony and fibrous enlarge- 
ments of the carpal and tarsal joints. Cul- 
tures yielded rough colonies of Ery. 
rhusvopathiae. 

One of the 12 contact animals died of 
acute swine erysipelas on the seventh day 
and Ery. rhusiopathiae was isolated from 
the liver, spleen, kidneys, adrenal glands, 
and heart blood. Three of the 12 developed 
chronic erysipelas with an arthritis which 
persisted. At necropsy, six months follow- 
ing exposure, marked fibrous and bony er 
largements of the carpal and tarsal join:s 
were present. The kidneys of each were 
enlarged, gray, and fibrotic. All other vis- 
cera appeared normal. Bacteriological cul- 
tures were positive for Ery. rhusiopathiae. 
The remaining 8 shoats resisted exposure. 

In experiment ‘‘b,’’ 12 of the 14 inoen- 
lated shoats died of acute swine erysipelas 
three to six days postexposure, 1 developed 
chronic arthritis, and the remaining ani- 
mal resisted exposure. At necropsy, the 
usual gross pathological changes observed 
in acute swine erysipelas were present. 
Cultures made from the liver, kidneys, and 
spleen of all 12 animals were positive for 
Ery. rhusiopathiae. 

The animal which developed chronic ar- 
thritis five months later had enlarged car- 
pal and tarsal joints and a chronic prolif- 
erative coxitis. A marked proliferation of 
the synovial villi, pannus formation, and 
thickened synovial membranes and joint 
capsules were present. Cultures from the 
carpal and tarsal joints were positive for 
Ery. rhusiopathiae. All other tissues were 
normal in appearance. 


Two of the 4 contact animals died of 
acute swine erysipelas on the eighth day 
following exposure. Their body tempera- 
tures were elevated at seventy-two hours, 
reached a peak at 120 hours, and the ani- 
mals died two days later. Cultures were 
positive for Ery. rhusiopathiae. The other 
2 shoats remained healthy. 

Blood studies from 20 hogs from experi- 
ments ‘‘a’’ and ‘‘b’’ were selected for com- 
parison. Daily white blood cell counts were 
used from. each of 4 animals which died at 
forty-eight hours; 4 which died at seventy- 
two hours; 4 which died at ninety-six 
hours; 4 which died at 120 hours; and 4 
which survived after being acutely ill and 
showing a high temperature. Daily white 
blood cell counts were also made on 4 nor- 
mal animals and the results of all of these 
counts are given in figures 4 to 9. These 
figures also show body temperature, total 
white cell counts, and percentage of lym- 
phocytes, monocytes, and neutrophils. The 
average count made on 4 normal shoats 
(graph 1) shows that the white cell counts 
per cubic millimeter of blood varied from 
13,200 to 15,375 over a six-day period. The 
average percentage of distributions were: 


Fig. 3—Abnormally shaped adrenal gland (left) 

as compared to a normally shaped gland (right). 

Both were taken from a hog with chronic arthritis 
nine months postinoculation. 
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lymphocytes, 62.8 to 70.0; monocytes, 4.5 
to 9.3; neutrophils, 26.8 to 31.0; eosino- 
phils, 0.75 to 3.5; and basophils, 0.0 to 0.5 
per cent. These results compare favor- 


TEMPERATURE 


MONOCYTES LYMPHOCYTES WHITE BLOOD COUNT 
NEUTROPHILS 


TIME IN DAYS 


Graph 1—The average white blood cell count in 

cells per cubic millimeter of 4 normal swine for 

six days. The average differential counts are 
expressed as percentages. 


ably with the counts reported by other 
investigators. 

Four pigs which were dead at forty- 
eight hours (graph 2) had an average tem- 
perature of 107.5 F. at twenty-four hours, 
an average drop in total white cell count 
from 15,785 to 13,850, an average drop in 
lymphocytes from 61.8 to 55.0 per cent, a 
drop in neutrophils from 33.0 to 12.5 per 
cent, and an increase in monocytes from 
4.5 to 22.0 per cent. In the 4 shoats which 
were dead at seventy-two hours, the same 
pattern occurred; however, the changes 
were more pronounced (graph 3). The 
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Graph 2—The average white blood cell counts in 
cells per cubic millimeter and the average differ- 
ential counts in percentages of 4 swine which died 
within forty-eight hours following intravenous 
exposure to Erysipelothrix rhusiopathiae. 


average total white cell count dropped 
from 14,650 to 9,238, lymphocytes from 
63.8 to 53.8 per cent, and neutrophils from 
30.0 to 14.3 per cent. The average tempera- 
ture rose from 102.0F. to 107.0 F. in 
twenty-four hours and was 106.1 F. at 
forty-eight hours. The monocytes rose 
from 2.5 to 25.8 per cent. The group of 
shoats which died at ninety-six hours 
showed a similar response in the white cell 
counts (graph 4). The temperature rose 
from 102.0 F. to 107.0 F. in twenty-four 
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Graph 3—The average white blood cell count in 
cells per cubic millimeter and the average differ- 
ential counts in percentages of 4 swine which died 
within seventy-two hours following the intravenous 
exposure to Erysipelothrix rhusiopathiae. 


hours, was 104.0 F. at forty-eight hours 
and 103.0 F. at seventy-two hours. The av- 
erage total white cell count dropped from 
16,687 to 14,382 at twenty-four hours, 
8,387 at forty-eight hours and was 10,000 
at seventy-two hours following exposure. 
The lymphocytes dropped from 66.5 to 55.0 
per cent at twenty-four hours, 47.5 per 
cent at forty-eight hours, and were 48.0 
per cent at seventy-two hours. The neu- 
trophils dropped from an average of 28.8 
to 22.3 at twenty-four hours, 6.3 at forty- 
eight hours, and 1.8 at seventy-two hours 
postinjection. The most pronounced change 
in white blood cell counts occurred in the 
shoats which died at 120 hours postexpo- 
sure (graph 5). The body temperature rose 
from 102.0F. to 106.1 F. in forty-eight 
hours and dropped to 101.8 F. at ninety- 
six hours. The average white cell count 
dropped about two-thirds, from 19,175 to 
6,287, at seventy-two hours then rose to 
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12,412 at ninety-six hours. The lympho- 
cytes dropped from 53.3 to 32.3 per cent in 
seventy-two hours, a 40.0 per cent drop. 
The neutrophils dropped from an average 
of 41.8 per cent to 0.0 at seventy-two hours. 
The monocytes rose from an average of 3.8 
per cent to 53.8 at seventy-two hours, a 
fourteenfold increase. 

In the group of shoats which showed an 
acute febrile response but recovered, the 
maximum white blood cell changes 
curred at forty-eight hours postexposure 
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Graph 4—The average white cell count in cells per 

cubic millimeter and average differential counts 

in percentages of 4 swine which died by the ninety- 

sixth hour following intravenous exposure to Ery- 
sipelothrix rhusiopathiae. 


(graph 6). The body temperature rose 
from 102.5 F. to 106.8 F. in forty-eight 
hours and then dropped to 103.1 F. at 120 
hours. The average total white cell count 
per cubie millimeter of blood dropped from 
14,000 to 11,037 at forty-eight hours and 
rose to 16,337 at 144 hours. The lympho- 
cyte counts dropped from an average of 
69.3 per cent to 54.0 at forty-eight hours 
and rose to 60.0 per cent by 144 hours. The 
average neutrophil count dropped from 
26.8 to 14.0 per cent at forty-eight hours 
and rose to 28.3 at 144 hours. The average 
monocyte count rose from 4.3 to 31.5 per 
cent at forty-eight hours and then dropped 
to 7.8 at 144 hours. The same general pat- 
tern of white cell response was observed in 
this group as in the previous groups which 
died, but it was less pronounced. In these 
animals, the maximum changes occurred at 
forty-eight hours postexposure and then a 
gradual return to normal in body vempera- 


ture and white cell count had occurred by 
144 hours postexposure 

Experiment 4, Productior of Swine Ery- 
sipelas and Arthritis in Shoats Not Vacei- 
nated for Hog Cholera.—This experiment 
was designed to observe the effects of Fry. 
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Graph 5—The average white cell count in cells per 

cubic millimeter and average differential counts in 

percentages of 4 swine which died by the 120th 

hour following intravenous exposure to Erysipelo- 
thrix rhusiopathiae. 


rhusiopathiae upon shoats not vaccinated 
for hog cholera since all the other shoats 
used in the experiment had been vacci- 
nated against hog cholera by the serum 
and virus method at weaning time (8 to 10 
weeks of age). 

The 14 shoats used were 3144 months of 
age and weighed from 75 to 90 lb. Manage- 
ment plan A was used. Each of 3 shoats 
received 1] of a 24-hour culture intra- 
dermally ; each of 3 shoats received 1 ce. of 
culture intravenously ; and each of 3 shoats 
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Graph 6—The average white cell count in cells per 

cubic millimeter and average differential counts in 

percentages of 4 swine which survived acute illness 

following intravenous exposure to Erysipelothrix 
rhusiopathiae. 
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were searified superficially and 2 cc. of the 
culture applied topically. Five other shoats 
were placed in contact with these animals. 

Twe of the searified shoats died of acute 
swine erysipelas on the seventh and eighth 
days postexposure. At necropsy, typical le- 
sions were present and Ery. rhusiopathiac 
was isolated. The third secarified animal 
was killed on the twenty-second day due 
to its general morbid condition and acute 
polyarthritis. 

Two of the 3 shoats which received 1 ee. 
of culture intradermally died on _ the 
twelfth day. Gross pathological changes of 
acute swine erysipelas were present at nec- 
ropsy. Erysipelothrix rhusiopathiae was 
isolated from these animals. The third ani- 
mal remained healthy. 

Two of the 3 shoats which received 1 ce. 
of the culture intravenously died on the 
tenth and fifteenth days postexposure with 
lesions typical of acute swine erysipelas. 
Cultures were positive for Ery. rhusio- 
pathiae. The third shoat remained healhty. 

Two of the 5 contact shoats died on the 
fourteenth day. Gross lesions of acute 
swine erysipelas were present at necropsy, 
and cultures were positive for Ery. rhu- 
The other 3 shoats remained 


siopathiae. 
healthy. 
Experiment 5, Production of Swine Ery- 
sipelas and Arthritis by Exposure Through 
Skin Scarification.-—In this experiment, 19 


shoats from a pig ‘‘hatchery’’ were used. 
Of these, 13 were searified on the side, and 
2 ce. of a 24-hour culture of the organisms 
was applied on the scarified area. The 


Fig. 4—Fibrous ankylosis of the carpal joint of 
a shoat 135 days after exposure to Erysipelothrix 
rhusiopathiaze. x 100. 


other 6 shoats were scarified and placed in 
contact with these animals. 

Three of the 13 inoculated shoats died of 
acute swine erysipelas by the eighth day 
and 4 others developed erysipelas with 
chronic arthritis. All showed well-marked 
local reactions but 6 remained healthy. Two 
of the chronically affected were killed four 
months postexposure because of their mor- 
bid and weakened condition. At necropsy, 
there was marked synovitis with prolifera- 
tion of the synovial villi. Small erosions 
were present on the articular cartilages of 
the carpal and tarsal joints. A severe 
coxitis with beginning erosion of the neck 
of the femur, and an increased amount of 
a flaky, turbid, thick fluid was present. 
Bacteriological examination of these joints 
yielded Ery. rhusiopathiae. All the viscera 
appeared normal. 

The other 2 hogs with chronic cases de- 
veloped advanced chronic arthritis with 
enlargement of the carpal and tarsal joints. 
Bony dystrophies were present at 100 days 
in these joints as shown by radiography. 
These animals were killed nine months 
postexposure. At necropsy, a very exten- 
sive polyarthritis involving all legs was 
present. Medial enlargements of the tarsal 
and carpal joints with bony ankylosis had 
occurred. Pannus formation and numerous 
erosions of the articular cartilages were 
present. The joint capsules were thickened 
and marked proliferation of the synovial 
villi was present. Bacteriological examina- 
tion of these joints gave negative results. 
In 1 shoat, the kidneys were gray and 
fibrotic. The combined weight of the ad- 
renal glands was 7.450 Gm. and each had 
two small cortical cystlike structures the 
size of a pea. All other viscera appeared 
normal. In the other animal, the kidneys 
were gray and had many scars 20 to 30 
mm. in diameter in the cortex. Much fibro- 
sis had developed. The adrenal glands 
weighed 8.070 Gm. and appeared normal. 

Two of the 6 searified contact shoats died 
of acute swine erysipelas by the eighth 
day and showed gross lesions of this dis- 
ease. Bacteriological cultures from the 
liver, spleen, and kidneys were positive for 
Ery. rhusiopathiae. 

One contact shoat developed chronic 
arthritis. At 100 days postexposure, the 
carpal and tarsal joints were enlarged. 
Radiographs revealed osteophyte forma- 
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tions and narrowing of the joint spaces. 
The arthritic condition became worse and 
the animal was killed 135 days postexpo- 
sure. The carpal and tarsal joints were 
devoid of synovial fluid and fibrous adhe- 
sions were beginning to form between the 
articular surfaces immobilizing the joints 
(fig. 4). The joints yielded Ery. rhusio- 
pathiae. The viscera appeared normal. All 
of the contact animals showed local reaec- 
tions but 3 remained healthy. 

Experiment 6, Production of Swine 
Erysipelas and Arthritis by Intra-articular 
Exposure.—In these experiments, 49 of the 
Chester White shoats were used. 

a) Each of 14 shoats received 1 ce. of a 24- 
hour culture in the left carpal and right tarsal 
joints. Eight noninoculated shoats were placed in 
contact with them. 

b) Each of 15 shoats received 2 ce. of a 24- 
hour culture in the left carpal and right tarsal 
joints, and 12 shoats were placed in contact with 
them. 

In experiment ‘‘a,’’ 3 of the 14 inocu- 
lated shoats died on the seventh and four- 
teenth days and showed typical features of 
acute swine erysipelas; Erysipelothrix rhu- 
siopathiae was isolated from their spleens, 
livers, and kidneys. Four others died while 
showing acute arthritis on the twenty- 
fourth, thirty-second, thirty-fifth, and ffty- 
third days, respectively. Marked disten- 
tion of both carpal and both tarsai joints 
with a thick, turbid, serosanguineous fluid 
was present at necropsy. No difference 
could be detected between the injected 


Fig. 5—Extensive vege- 
tative endocarditis in a 
shoat 112 days after 
intra-articular inocula- 
tion of Erysipelothrix 
rhusiopathiae culture. 
This animal also had 
chronic arthritis. 


joints and the corresponding joints in the 
opposite legs. The synovial membranes 
were inflamed and marked proliferation of 
the villi had occurred. Cultures made from 
all carpal and tarsal joints were positive 
for Ery. rhusiopathiae. 

One shoat died 112 days after exposure 
and showed extensive vegetative endocar- 
ditis (fig. 5) and numerous healed infarcts 
in the kidneys (fig. 6). 

Five of the 6 remaining shoats developed 
chronic erysipelas with advanced arthritis 
which persisted until they were killed 120 
to 421 days after exposure. Extensive bony 
dystrophies, as revealed by radiography, 
were present. Marked proliferation of the 
synovial villi, thickened synovial mem- 
branes, and pannus formation had occurred 
in the earpal and tarsal joints. Bacterio- 
logical cultures were negative from the 
joints of all of these animals. The sixth 
animal recovered spontaneously after 180 
days. 

Three of the 8 contact animals died by 
the ninth day of generalized swine erysip- 
elas. At necropsy, the gross pathological 
changes were typical of acute swine ery- 
sipelas. Cultures made from the spleens, 
livers, and kidneys were positive for Ery. 
rhusiopathiae. Two others developed ad- 
vanced chronic arthritis and spondylitis 
(fig. 7). Bacteriological cultures of the 
carpal and tarsal joints were negative at 
necropsy (240 and 330 days). Only 3 of 
the contact shoats remained healthy. 
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In experiment ‘‘b,’’ no deaths occurred 
from acute swine erysipelas in the 15 in- 
oculated shoats. Five were ill but 3 recov- 
ered spontaneously at sixty days and 2 at 


Fig. 6—Infarcts in the kidney of a shoat with 
chronic arthritis 112 days after intra-articular in- 
oculation with Erysipelothrix rhusiopathiae. 


120 days. While 4 remained healthy, 6 oth- 
ers developed polyarthritis. One of these 
had acute polyarthritis, became moribund 
at fifty-four days and was killed. Both 
carpal and tarsal joints were swollen and 
distended with a serosanguineous fluid. 
Marked inflammation of the joints had oe- 
curred with proliferation of the villi. Cul- 
tures were positive for Ery. rhusiopathiae. 
Numerous scars were present in the cortex 
of the kidneys, while all other viscera ap- 
peared normal. 

One of the 6 was killed 226 days after 
exposure because of severe dystrophy of 
one hind leg. At necropsy, the carpal and 
tarsal joints were enlarged medially with 
osteophytie formations, as shown by radi- 
ography. On the medial aspect of the neck 


Fig. 7—Extensive new bony growths on the arti- 

cular processes of the lumbar vertebrae of a hog 

with chronic arthritis nine months after contact 
exposure to Hrysipelothrix rhusiopathiae. 


of the femur, there was an osseous mass 7 
to 8 em. in diameter. Removal of this tis- 
sue revealed an erosion of the neck of the 
femur. Extensive pannus formation had 
occurred in the carpal and tarsal joints 
with extensive proliferation of the synovial 
villi. Cultures from the joints were posi- 
tive for Ery. rhusiopathiae. The articular 
processes of the lumbar vertebrae were 
found to be enlarged and ankylosed. The 
kidneys were gray and fibrotic. All other 
viscera appeared normal. The 4 other hogs 
with chronic cases were similar in gross 
appearance to those previously described 
as advanced arthritis cases. 

One animal in this group, killed at 120 
days, had a subcutaneous nodule 20 by 
30 mm. attached to the superficial digital 
flexor tendon. It had a thick fibrous cap- 
sule and the center was filled with a sterile, 
serosanguineous fluid. This nodule appar- 
ently resulted from trauma. Erysipelothrix 
rhusiopathiae was isolated from the carpal 
and tarsal joints. Bacteriological exami- 
nation of the joints of the other 3 with 
chronic cases, which were killed between 
105 and 300 days, gave negative results. 

Two of the 12 contact animals died on 
the fifteenth and sixteenth days, respec- 
tively, of acute swine erysipelas. Cultures 
of the spleen, liver, and kidneys were posi- 
tive for Ery. rhusiopathiae. One shoat 
developed chronic polyarthritis, became 
moribund, and was killed 189 days post- 
exposure. Gross pathological changes typi- 
cal of chronic erysipelas arthritis were 
present at necropsy, and cultures of the 
leg joints were positive for Ery. rhusio- 
pathiae. Another shoat developed chronic 
arthritis and was killed at 328 days. A 
severe coxitis was present with an accu- 
mulation of fluid of a flaky, turbid, and 
viscous nature. Radiography revealed os- 
teophytic formations in the region of the 
tarsal and earpal joints. Cultures from 
these joints were negative. The 8 other 
contact animals remained healthy. 

Experiment 7, Production of Swine 
Erysipelas and Arthritis on Alfalfa Pas- 
ture. — This experiment was designed to 
study contact transmission under field con- 
ditions and, also, to compare the rate of 
arthritic changes with that which occurred 
in swine kept more closely confined. Thirty 
Chester White shoats were placed on a 2- 
acre pasture of alfalfa and Ladino clover. 
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Each of 6 shoats received 10 ec. of a 
24-hour culture of Ery. rhusiopathiae in- 
tramuscularly ; 6 received 10 cc. subeuta- 
neously; and 6 received 2 ce. each in the 
right tarsal and left carpal joints. Twelve 
shoats were placed in contact with these 
animals. Three of the 6 animals which 
were injected intramuscularly developed 
polyarthritis and were killed on the 203rd, 
204th, and 313th days. Gross pathological 
changes including bony dystrophies were 
present. All viscera appeared normal. Ery- 
sipelothriz rhusiopathiae was isolated from 
the carpal and tarsal joints of the first 2 
but not from the third shoat. The other 
3 shoats resisted exposure. 

Two of the 6 animals which were in- 
jected subcutaneously died on the fifth 
and tenth days, respectively, of acute 
swine erysipelas. Gross pathological find- 
ings were typical and Ery. rhusiopathiae 
was isolated from the spleens, livers, and 
kidneys. One of the 6 developed advanced 
chronic polyarthritis and the other 3 re- 
mained healthy. 

Two of the 6 shoats injected intra-ar- 
ticularly died of acute swine erysipelas. 
The organism was isolated from the liv- 
ers, spleens, and kidneys of these animals. 
One shoat developed advanced chronic 
polyarthritis and the other 3 remained 
healthy. 

Three of the 12 contact shoats died of 
acute swine erysipelas on the eighth, elev- 
enth, and fourteenth days. The organism 
was isolated from the spleens, livers, and 
kidneys of these animals. One hog with a 
chronic case died on the 124th day with 
extensive vegetative endocarditis involving 
the bicuspid valve and chordae tendineae. 
It also showed proliferative coxitis, carpi- 
tis, and arthritis in the tarsus. Cultures 
from the vegetative masses of the heart, 
the carpal, and tarsal! joints were positive 
for Ery. rhusiopathiae. Eight of the 12 
contact shoats remained healthy. 

Experiment 8, Observations on Patholog- 
ical Changes in Acute and Chronic Swine 
Erysipelas——The lesions of swine erysip- 
elas are varied. In animals which die of 
the acute septicemic form of the disease, 
pathological changes observed at necropsy 
may be no different from those observed in 
any other septicemic disease. The skin le- 
sions perhaps are more nearly pathogno- 
monic than any other finding. 


Damage to the blood vessels of the skin, 
resulting in the peculiar type of erythema, 
presumably was due to the action of the 
organism and its by-products. The histo- 
pathological changes occurred principally 
in the papillae, subpapillary, and upper 
layers of the dermis. The blood vessels 
were distended, the papillae were en- 
larged and showed marked hyperemia. 
Frequently, small hemorrhages were ob- 
served in the connective tissue elements 
of the papillae (fig. 8). Numerous foci of 
round cells and necrotic areas were present. 

In the urticarial lesions, a marked 
edema of the skin occurred in the wheals. 
Numerous thrombi and dilation of the ves- 
sels were present. Capillary hemorrhages 
appeared especially in the papillary layer. 
The chief difference in the skin lesions of 
animals with the acute septicemic form 
and those showing urticaria chiefly was in 
the degree of damage done. The greater 


Fig. 8—Hemorrhages in the skin of a hog with 
an experimentally produced case of acute swine 
erysipelas. x 200. 
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damage is likely to occur in the septicemic 
form in which local areas may become gan- 
grenous if the animal survives. Much hem- 
orrhage and engorgement occurred in the 
subeutaneous fat in these areas. 

The skeletal muscle ordinarily did not 
show degenerative changes. Vascular dila- 
tion with engorgement may occur in any 
tissue, however. In acute cases in which 
there was involvement of the heart, the 
myocardium frequently contained numer- 
ous hemorrhages and cloudy swellings. 
Sometimes ecchymoses were observed un- 
der the endocardium. The serous mem- 
branes ordinarily were not affected to any 
great extent. Sometimes fibrinous exudate 
was found on the serous surfaces and 
fibrous changes oceurred resulting in firm 
adhesions between serous surfaces. A sero- 
fibrinous pericarditis sometimes occurred. 

The lymph nodes usually had many 
hemorrhages and showed depletion of the 
germinal centers (fig. 9). There also was 
evidence of edema. Marked eosinophilic 
infiltration of lymph nodes was frequently 
found in chronic cases. The spleen was 


Fig. 9—Depletion of the germinal center of a 
lymph node from a hog with a case of experi- 
mentally produced acute swine erysipelas. x 200. 


Fig. 10—The zona glomerulosa and a portion of 


the zona fasciculata of the adrenal gland from a 
normal adult hog. x 200. 


moderately enlarged and numerous hemor- 
rhages were frequently present. 

In the digestive tract, pathological 
changes varied from a severe inflammation 
of the lower half of the stomach and the 
upper third of the duodenum, to no in- 
volvement. The longer the animal survived 
during the acute phase of the disease, the 
greater the incidence of gastroenteritis. In 
severe cases the mucosa was a dark red, the 
submucosa was swollen and infiltrated with 
a serosanguineous fluid. The epithelium of 
the area was usually more or less destroyed 
and the glands degenerated. 

The liver was enlarged and engorged, 
the sinusoidal spaces distended with blood, 
and numerous small hemorrhages were 
present, particularly near the center of the 
lobules. In the acute phase of the disease, 
the pathological change was essentially an 
extensive engorgement. 

In the kidneys, subcapsular hemorrhages 
were sometimes present, depending upon 
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the acuteness of the disease. There were 
evidences of acute inflammation, degenera- 
tive changes in the parenchyma, and inter- 
stitial hemorrhage. Infarcts were occasion- 
ally necrotic or, in prolonged cases, they 
may have been replaced by connective tis- 
sue and eventually undergone cicatrization. 

In acute swine erysipelas, the adrenal 
glands were enlarged and frequently sub- 
capsular hemorrhages were observed. In 
chronic cases of two months’ or more dura- 
tion, the adrenal glands were frequently 
twice normal size, very soft and swollen; 
the zona glomerulosa infiltrated with many 
leukocytes, and complete or almost com- 
plete disappearance of this zone occurred 
in some cases (fig. 10 and 11). Numerous 
foci of round cells were often scattered 
throughout the fascicular and reticular 
zones. It is not certain that these foci 
resulted from Ery. rhusiopathiae infec- 
tion. The medulla usually appeared nor- 
mal but some showed atrophic or degen- 
erative changes. In advanced cases of 
chronic erysipelas arthritis, a disruption of 
the normal architecture of the glomerulosa 
and reduction in thickness occurred. 

In the acute stage of arthritis, the prin- 
cipal changes were characterized by vas- 
cular engorgement of the joint capsule and 
synovial tissues and more or less edema. 
The effusions were turbid or serosanguine- 
ous or mucinous. The synovial villi showed 
beginning proliferation, extensive vasodila- 
tion, engorgement, and beginning lympho- 
eytie infiltration (fig. 12 and 13). 

In arthritis of two months’ duration, 
greater proliferation and less edema was 
ubserved. Much proliferation of the cells 
covering the hypertrophied synovial villi 
was present. The villi contained young, 
highly vascular connective tissue, infil- 
trated with plasma cells and lymphocytes. 
A striking feature was the dense collec- 
tion of lymphocytes. The villi of arthritic 
joints of six months’ or longer duration 
frequently resembled granulomatous pol- 
yps (fig. 14). Very few polymorphonuclear 
leukocytes were observed and the infiltrat- 
ing cells were principally lymphocytes, 
plasma cells, and eosinophils. Relatively 
few areas of suppuration were observed as 
described by Collins and Goldie.’ Less ex- 
tensive destruction of cartilage and bone 
than that which characterizes suppurative 
arthritis in other species was observed. The 
synovial effusions were nonpurulent and 


contained mostly monocytes, lymphocytes, 
and a few synovial lining cells. 

In advanced chronic arthritis with pannus 
formation of subchondral origin, marked 
fibrosis of the adjacent marrow spaces, in- 
creased vascularity, and collections of lym- 
phocytes occurred. In those cases in which 
the pannus apparently originated from the 
synovial membrane, subchondral fibrosis 
was less likely to occur. Pannus attach- 
ment to the articular cartilage was accom- 
panied by erosions and destruction of the 
cartilage. In advanced cases with little or 
no synovial fluid, intra-articular fibrous ad- 
hesions formed, apparently in an attempt 
to immobilize the joint. 

Radiograms revealed osteophyte forma- 
tion with apparent ankylosis of the carpal 
and tarsal joints. Also, the articular proc- 
esses of the vertebrae frequently appeared 
to be fused. Irregular ossification and rare- 
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Fig. 11—The zona glomerulosa and a portion of 
the zona fasciculata of the adrenal gland from a 
hog which had experimentally produced chronic 
arthritis. The zona glomerulosa is nearly obliter- 
ated. The fascicular zone shows atrophy of the 
parenchymatous cells and numerous spaces. The 
capsule appears edematous. x 200. 
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in a hog with experimentally produced acute ery- 
sipelas arthritis. x 100. 


faction of the bones adjacent to the joints 
were frequently observed. In hogs which 
spontaneously recovered, no gross abnor- 
malities were observed. 


Discussion 


The difficulty experienced by many in- 
vestigators in attempting to reproduce 
swine erysipelas in hogs has caused them 
to use the mouse and pigeon for the iden- 
tification and classification of the organ- 
ism. The pigeon and mouse succumb in 
two to three days when injected with small 
quantities of a 24-hour broth culture. They 
may be protected by the simultaneous ad- 
ministration of potent swine erypsipelas 
antiserum. 

The fermentation of carbohydrates is a 
less reliable criterion for classification and 
identification of Ery. rhusiopathias than 
morphological and tinctorial features, com- 


Fig. 13—Beginning proliferation of the synovial 
villi with focal round cell accumulation in a hog 
with experimentally produced erysipelas arthritis. 
x 100. 


bined with mouse and pigeon inoculations. 
The variation in ability of the organism to 
ferment carbohydrates in different labora- 
tories has veen reported. No doubt strain 
differences, age of laboratory strains, me- 
diums used to cultivate the stock cultures 
while in storage, and the addition of ani- 
mal proteins to the carbohydrates for fer- 
mentation studies have all played a part in 
the variable results obtained. It appears 
that there is a relatively small group of 
closely related carbohydrates which may 
be fermented by Ery. rhusiopathiae, in 
which differences in the ability of certain 
cultures to ferment them do exist. Even 
so, when allowance is made for these known 
differences, and the morphological and 
tinctorial properties are combined with the 
mouse and pigeon inoculations in protected 
and unprotected individuals, the organism 
can be identified. 

The organism is micro-aerophilic, and 
may revert to rough colony formation when 
grown at ordinary atmospheric oxygen 
pressure on tryptose agar. The organism 
may even become Gram negative when cul- 
tivated for long perieds on tryptose agar. 
Even in the advanced chronic cases of 
naturally occurring erysipelas arthritis re- 
ferred to in experiment 2 in which repeated 
exposure was used, a rough-type colony was 
isolated. This suggests the ability of the 
organism to adapt itself to a state of com- 
patability with the animal body. 

Three possible explanations may be given 
for the negative results obtained in experi- 
ment 2 in which the animals received re- 
peated exposures. First, the shoats could 
have been exposed previously to the organ- 
ism with a subclinical infection, since the 
complete health history was not available. 
Secondly, the organisms produced a rough- 
type colony suggesting low pathogenicity. 
Thirdly, the organism was cultivated in or- 
dinary atmosphere on tryptose agar and 
suspended in physiological saline. Stick- 
dorn ** has shown that physiological saline 
may reduce the pathogenicity of the organ- 
ism for mice. Thus, at least three possible 
contributing factors could have played a 
part in the negative results obtained in 
this experiment. These negative results are 
typical of the findings reported by many 
investigators. 

Careful consideration of these three fac- 
tors produced positive results in experi- 
ment 3. These factors were: (1) use of 


362 
9 
Fig. 12—Marked hyperemia of the synovial villi 


Am. J. VET. RES. 


JULY 1955 


STupDIES ON ARTHRITIS IN SwINE. I 


363 


shoats 31% to 4 months of age from herds 
known to be free of swine erysipelas; (2) 
use of a semisolid medium which was en- 
riched with 10 per cent horse serum; (3) 
the use of a smooth-type colony isolated 
from an acute septicemic case. 

In experiment 4, the shoats which had 
not been vaccinated against hog cholera 
proved to be highly susceptible to Ery. 
rhusiopathiae, indicating that hog cholera 
vaccination with serum and virus was not 
a factor in the susceptibility of the other 
experimental animals. It would seem that 
other factors such as pathogenicity of the 
organism, resistance of the animal due to 
previous contact with the organism, state 
of nutrition and, perhaps, age, are the im- 
portant variables in determining the ani- 
mal’s susceptibility to the infection. 

From the results of the white blood cell 
studies which show a marked leukopenia, 
lymphopenia, neutropenia, and a monocy- 
tosis, it appears that the most critical pe- 
riod is from thirty-six to seventy-two hours 
following intravenous exposure. In such 
eases, therapy to fortify or aid the natural 
defenses should be given within twenty- 
four to thirty-six hours postexposure. 

In experiment 5, in which the shoats 


were scarified and Ery. rhusiopathiae was 
applied topically, 3 of 13 (23 %) died of 
acute swine erysipelas. Four others (31%) 


erysipelas arthritis, 
(46 %)_ resisted 


chronic 
remaining 6 


developed 
while the 
exposure. 

One animal with advanced chronic ar- 
thritis (9 months) had gray, fibrotic kid- 
neys and renal function was undoubtedly 
impaired. The cystic condition of the adre- 
nal glands suggests a possible interference 
with the normal production of cortical hor- 
mones. It is not certain that these kidney 
and adrenal changes played a role in the 
continued active arthritic condition. 

The disadvantage of the scarification 
technique, when employed to determine the 
resistance of an animal, is that it may not 
insure adequate exposure. Probably, many 
of the organisms are rubbed off by the ani- 
mals. Presumably, infection is dependent 
upon the organism entering the lymphatic 
system and establishing infection in the 
regional lymph nodes and eventually en- 
tering the blood stream. With the proba- 
bility of a reduced number of the organ- 
isms gaining entrance into the lymphatic 


glands, skin scarification may fail to give 
sufficient challenge to the resistance of an 
animal. 

In support of the above reasoning 8 of 
29 (28 %) of the animals in experiment 6, 
which were injected intra-articularly, died 
of erysipelas as compared to 23 per cent 
which were scarified. Of the searified ani- 
mals 31 per cent developed arthritis, as 
compared to 51.8 per cent of those injected 
intra-articularly. Also, 46 per cent of the 
searified animals resisted the exposure as 
compared to 17.2 per cent in the group in- 
jected intra-articularly. Thus, it seems that 
intra-articular injection would provide a 
more adequate exposure than skin scarifi- 
cation for a more accurate evaluation of 
the protective value of vaccinational meth- 
ods when used on swine. 

The clinical manifestations of the disease 
vary with the susceptibility of the animal. 
In the acute septicemic form, the animal 


Fig. 14—A synovial villus from a hog with ad- 

vanced chronic erysipelas arthritis, showing some 

granulomatous changes in addition to lymphoid 
cell infiltrations. x 200. 
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usually develops a temperature of 106 to 
108 F., soon becomes listless, and goes off 
feed. If the fever remains high for twenty- 
four hours, respiration becomes rapid and 
shallow. Numerous reddish or purplish 
areas may appear over the body. In these 
animals, a marked leukopenia with a mono- 
eytosis occurs. If the fever subsides in a 
few hours, the animal may live. If, how- 
ever, the fever remains very high for 
thirty-six to forty-eight hours, the animals 
become prostrate and death is very likely 
to occur. 

Extensive damage to the small blood ves- 
sels oceurs allowing blood to escape into 
the tissues. The loss of serum proteins and 
dehydration of the body apparently hasten 
death. In animals that survive, there are 
usually symptoms suggesting muscular 
soreness and tender feet or legs. Definite 
symptoms of arthritis are likely to develop 
later. 

The skin lesions may be rhomboidal in 
outline or diffuse. Wheals form which may 
at first appear blanched but soon become 
erythematous and edematous. These wheals 
may subside after thirty-six to forty-eight 
hours or they may coalesce and form large 
sloughs. In either case, chronic joint in- 
volvement usually results, and the animal 
becomes lame. The blood cell changes are 
not as pronounced in these animals as in 
those with acute cases. 

In hogs with chronic cases, the heart 
may be affected. At least some of these 
animals are survivors of an acute, septi- 
cemic infection. In experimental cases, the 
animals seem to recover from the acute 
phase of the disease but often remain 
stunted. At necropsy, extensive vegetative 
endocarditis involving either the tricuspid, 
or the bicuspid, valve is observed. The 
vegetations may be so large as to occlude 
the aperture. Erysipelothriz rhusiopathiae 
ean often be isolated from these vegetative 
masses. 

Chronically arthritic swine are often 
survivors of a previous acute infection. 
An actue arthritis develops in two to three 
weeks postexposure with effusions which 
distend the joint capsule. The animals are 
very lame and frequently shift the weight 
from leg to leg while standing. The appe- 
tite may be poor and a febrile response is 
usually not detectable per rectum. How- 
ever, the swollen joints are hot, painful, 


and sensitive to the touch. In two or three 
weeks the acute swelling is reduced, but 
the lameness usually persists and, in many 
animals, one limb may not be used to bear 
weight. If the infection persists for two 
months or longer, the chance of recovery is 
slight. A marked periostitis, ostitis or, in 
rare severe cases, osteomyelitis is present. 
Extensive thickening of the joint capsule 
and osteophytic formations with ankylosis 
may develop. The authors were unable to 
isolate Ery. rhusiopathiae from the joints 
of most animals five months following ex- 
posure, but the pathological processes per- 
sist with periods of exacerbation and re- 
mission. These periods vary considerably 
and may be two weeks or more in length. 
An occasional spontaneous recovery occurs 
after several months, but the joints remain 
enlarged. 

Collins and Goldie® believe that one of 
three things may happen in chronic arthri- 
tis due to Ery. rhusiopathiae infections: 
(1) the lesion may resolve and the joint 
recover; (2) healing of the damaged tis- 
sues may take place by fibrosis and this 


may include the formation of intra-articu- 
lar adhesions; or (3) the synovial granula- 
tion tissue may assume certain properties 


of a benign neoplasm and persist and ex- 
tend in the absence of the exciting micro- 
organisms, thus maintaining the arthritis 
in a state of clinical activity. The results 
of the experiments reported in this paper 
support this latter belief, especially in the 
case of the continued active clinical form 
after seven months. Perhaps damage to 
adrenal glands and kidneys are important 
contributing factors in the continued ac- 
tive clinical manifestation of arthritis in 
swine. 
SUMMARY 

1) Erysipelothrix rhusiopathiae was iso- 
lated from 15 hogs with naturally oceur- 
ring cases of swine erysipelas and from 1 
with an advanced case of chronic arthritis. 

2) Identification of the organism was 
based on staining according to Gram’s 
method, mouse injection and protection 
tests with swine erysipelas antiserum and 
pigeon inoculation tests. Also, ecarbohy- 
drate fermentation tests were made. 

3) Repeated exposure of 15 hogs with 
an indefinite history using a rough-type 
culture gave almost completely negative 
results. 
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4) Intravenous exposure of unexposed 
shoats with 10 cc. of a 24-hour growth of a 
smooth-type culture isolated from a hog 
with an acute septicemic case and grown 
in a semisolid medium containing 10 per 
cent horse serum gave positive results. Six 
of 17 inoculated shoats died of acute swine 
erysipelas and 5 developed chronic arthri- 
tis. One of 12 shoats exposed by contact 
died of acute swine erysipelas and 3 de- 
veloped chronic arthritis. 

5) Twelve of 14 shoats which received 
20 ec. of a 24-hour culture from the origi- 
nal smooth culture intravenously died of 
acute swine erysipelas. Two of 4 contact 
shoats also died of acute swine erysipelas. 

6) Daily white blood cell counts re- 
vealed a marked leukopenia, lymphopenia, 
neutropenia, and a monocytosis within 
twenty-four to seventy-two hours post- 
exposure. 

7) Shoats not vaccinated against hog 
cholera were susceptible to Ery. rhusiopa- 
thiae when exposed intradermally, intra- 
venously, and by scarification. Six of 9 


animals so exposed and 2 of 5 contact ani- 
mals died of acute swine erysipelas. 
8) Shoats vaccinated against hog chol- 


era with the serum and virus method were 
no more susceptible than unvaccinated ani- 
mals. Three of 13 vaccinated shoats which 
had the organisms applied topically on the 
searified areas died of acute swine erysipe- 
las and 4 others developed chronic arthri- 
tis, while 6 resisted infection. Two of the 6 
vaccinated, searified, contact control shoats 
died of acute swine erysipelas and 1 other 
developed chronic arthritis, while 3 re- 
mained healthy. 

9) Intra-articular inoculation proved to 
be a highly effective route of exposure. 
Eighty-two per cent of the shoats died of 
acute swine erysipelas or developed ad- 
vanced chroni¢ arthritis. 

10) A high ineidenece of acute and 
chronic swine erysipelas occurred in ex- 
perimentally exposed animals on an alfalfa 
pasture. Contact exposure resulted in de- 
velopment of acute swine erysipelas and 
death in 3 of 12 shoats and a fourth died 
later showing vegetative endocarditis and 
chronic arthritis. 

11) Erysipelothrix rhusiopathiae could 
not be isolated from animals with advanced 
chronic arthritis more than 226 days after 
exposure. 


12) A discussion of the nature, course, 
and pathology of Ery. rhusiopathiae infec- 
tions is given. 
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THE ADRENAL hormones produce a number 
of profound physiological effects in the 
body. 

The work of Britton and Silvette,> Britton and 
Long," Marrazzi,“ and Russell™ have 
shown that absorption, storage, formation, and 
utilization of carbohydrates are impaired by abla- 
tion of the adrenal cortices. These functions can 
be restored by the administration of the appropri- 
ate cortical hormones. Koepf et al.® and Kuizenga 
et al.” have shown that in fasting animals which 
were adrenalectomized, the excretion of nonprotein 
nitrogen is decreased, indicating that insufficient 
endogenous protein is being broken down in order 
to form carbohydrate. 

It is known that the unfractionated cortical ex- 
tract or the related steroids which are oxygenated 
at the eleventh carbon atom elevate the blood glu- 
eose and liver glycogen of normal and adrenalec- 
tomized animais even when fasted. This indicates 
that the carbohydrate is formed from some non- 
earbohydrate precursor. Also, an increase in ex- 
cretion of nitrogen oceurs principally at the ex- 
pense of tissue protein. Some believe that a de- 
pletion of lymphatic tissue is the principal source 
of this nitrogen in the early stages in animals so 
treated. The group of compounds of the cortico- 
sterone series is responsible for these changes, 
while desoxyecorticosterone acetate (DCA) is con- 
cerned with the regulation and distribution of 
electrolytes between the extracellular and intra- 
cellular fluids.‘ 

The normal function of the adrenal glands 
seems to be under the influence of the anterior 
lobe of the hypophysis according to the work of 
Bates et al.,. Becks et al.,> and Corey and Britton.’ 
The administration of the adrenocorticotropic hor- 
mone (ACTH) to hypophysectomized animals in- 
duces hypertrophy of the adrenal cortex. Clinical 
evidence supports this concept. Carnes et al.® have 
shown that the output of ACTH by the anterior 
hypophysis is conditioned by the amounts of adre- 
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nocortical hormones which the intact cortices re 
lease. Atrophy of the adrenal cortices results from 
the administration of the unfractionated cortical 
extract or corticosterone and related compounds. 

It is apparent, therefore, that a number of vital 
body functions, such as carbohydrate and protein 
metabolism, the water electrolyte balance and kid- 
ney functions, and natural body defenses involving 
lymphatie tissue and antibody production are af 
fected by adrenal cortical secretions. 

Cortisone and ACTH have been used ex- 
tensively for the treatment of arthritis in 
man. Very little information is available 
in veterinary literature on the use of these 
hormones in the treatment of arthritis in 
domestic livestock. The object of these ex- 
periments was to observe vhe effects of cor- 
tisone and ACTH in the treatment of ad- 
vanced chronic cases of arthritis due to 
Erysipelothrir rhusiopathiae infection. It 
was doubted that the infectious agent was 
present in these animals at the beginning 
of the experiment since the authors were 
not able to isolate the organism from the 
joints of swine more than 226 days post- 
exposure, and these animals had been af- 
fected for a considerably longer time. 


MATERALS AND METHODS 


The arthritis was produced experimentally in 5 
animals by intravenous injections of cultures of 
Ery. rhusiopathiae as previously deseribed by 
Sikes et al.* Two of the arthritic swine had nat 
urally occurring cases and 1 was used in each ex 
periment. All of the arthritic swine had been af 
fected for more than eight months and had been 
unable to rise without assistance for two to four 
months prior to hormonal therapy. They were 
housed indoors in pens with concrete floors and an 
adequate ration was provided. Corrected erythro- 
cyte sedimentation rates and body weights were 
determined prior to treatment and at weekly in 
tervals until the experiment was terminated. All 
hormones were administered subcutaneously. 

Three swine with advanced arthritis received 75 
mg. of cort’sone* daily for four weeks, 50 mg. 
daily for one week and 25 mg. daily for one week. 

In the second group, ACTH** was administered 

* Courtesy of Sharpe and Dohme Co. 

** Courtesy of Armour and Co. 
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Graph 1—The corrected erythrocyte sedimentation rate of a normal hog treated with 1 unit 
(U.S.P.) of adrenocorticotropic hormone (ACTH) daily per pound of body weight for one 
week, 4% unit the second week, and % unit the third and fourth weeks. 


to 1 normal hog and 4 which had advanced arthri- Chronic Arthritis—All 3 animals in the 
tis. These animals received 1 unit (U.S.P.) of first group were able to rise without assist- 
ACTH, in 16% per cent gelatin, per pound of anee after the second week of cortisone 
body weight daily for one week, 1/2 unit daily therapy. A marked clinical improvement 
the second week, and 1/4 unit daily the third and . . > : » 
ents eee in the degree of lameness and stiffness of 
shh the joints was observed by the end of the 

RESULTS third week of treatment. In all cases, the 

Cortisone Therapy in Swine with animals had improved appetites, were more 
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Graph 2—The corrected erythrocyte sedimentation rate of an arthritic hog treated daily with 
adrenocorticotropic hormone (ACTH). Note the marked rise in the sedimentation rate soon 
after withdrawal of treatment. 
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active, and gained weight during the forty- 
two days of therapy. 

The corrected erythrocyte sedimentation 
rate of 1 animal was 272 mm. per hour 
on the first day of therapy, rose to 45 on 
the seventh day, fell to 24 on the four- 
teenth day, and to 4 on the twenty-first 
day. It remained less than 10 for the next 
two weeks. The authors consider a rate of 
10 or less to be within the range for normal 
swine. The sedimentation rates of the 
other 2 animals at times were within the 
range for normal swine but showed marked 
variation and did not remain within the 
normal range even though clinical im- 
provement had occurred. 

ACTH Therapy in Swine with Chronic 
Arthritis —One arthritic animal was 
slaughtered fifty days after the termina- 
tion of 28 days of ACTH therapy to ex- 
amine the adrenal and pituitary glands, 
while the other 3 arthritic swine were un- 
treated for six weeks and subsequently 
were given 75 mg. of cortisone daily for 
four weeks. The normal animal which re- 
ceived ACTH remained unaffected and 
made excellent weight gains. The corrected 
erythrocyte sedimentation rate (graph 1) 
fluctuated between 1 and 9 mm. per hour 
which is considered to be within the range 
for normal swine. 

The arthritic animals treated with ACTH 
showed very little if any clinical improve- 


ment. In 2 of the animals, the erythrocyte 
sedimentation rate decreased from 22 mm. 
per hour to 3 and from 40 to 6 at the 
end of three and two weeks of therapy, 


Fig. 1—Thickening of the joint capsule, pannus 

formation, and destruction of the articulating sur- 

faces in the carpal joint of an arthritic hog. 

Bacteriological examination of this joint was nega- 

tive, although the animal became arthritic nine 

months previously, following exposure to Erysipelo- 
thrix rhusiopathiae. x 2.5. 


respectively, and remained within the 
range for normal swine during the fourth 
week (graphs 2 and 3). Following the dis- 
continuance of therapy, the sedimentation 
rates rose and in 1 animal was consider- 
ably higher than prior to hormonal ther- 
apy. The body weight of 1 animal in- 
creased slightly while the other remained 
constant during ACTH treatment; how- 
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Graph 3—Marked fall in the corrected erythrocyte sedimentation rate of an arthritic hog 
treated with adrenocorticotropic hormone (ACTH). 
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ever, a marked decrease in body weight oc- 
eurred in both animals when therapy was 
withheld. The changes in the erythrocyte 
sedimentation rate and body weight of the 
other 2 arthritic animals followed the same 
general pattern as described. It was ap- 
parent that when ACTH was administered 
to arthritic hogs, the sedimentation rates 
were lowered, but at the dosage and for the 
period of treatment in this experiment, the 
clinical effect was questionable. 

A notable clinical feature with each of 
the arthritic swine was that within a week 
after the withdrawal of ACTH therapy, 
extreme lameness and soreness of the legs 
and feet returned. The animals would 
stand for only five to ten minutes and 
squeal loudly when helped up as if suffer- 
ing great pain. The concurrent reduction 
in body weight reflects, in part, a reduced 
food intake. The normal animal remained 
unaffected and made excellent weight 
gains. 

Six weeks after witholding ACTH ther- 
apy, 3 of the arthritic animals were given 
75 mg. of cortisone daily for four weeks. 
After two weeks their appetites improved, 
and they gained weight but their arthritic 
condition had not improved and they were 
unable to rise without assistance. One ani- 
mal was slaughtered at this time and the 


carpal and tarsal joints were found to be 
enlarged and ankylosed. Radiographs 
showed osteophytic formations. The flexor 
tendons appeared to be contracted and lit- 
tle or no fluid was present in the sheaths. 
Marked fibrosis and thickening of the joint 
capsules had occurred. A pronounced syn- 
ovitis, proliferation of the synovial villi 
and pannus formation were present (fig. 
1) along with fibrous ankylosis and ero- 
sions of the articular cartilages. No joint 
fluid was present. Bacteriological exami- 
nation of these joints gave negative results. 

The adrenal glands were slightly en- 
larged and weighed 10.025 Gm. Micro- 
scopic examination revealed that a marked 
hypertrophy of the zona glomerulosa had 
oeeurred (fig. 2 and 3). The kidneys were 
gray and fibrotic. 

The remaining 3 arthritic animals con- 
tinued to gain weight during the last two 
weeks of cortisone therapy. They showed 
evidences of some clinical improvement, 
were less lame, and moved more freely. 
However, complete recovery did not oceur 
and the animals could not rise without 
assistance. 

DISCUSSION 


Degenerative changes in the adrenal cor- 
tex and evidence of rearrangement of the 


Fig. 2—The zona glomerulosa and a portion of the zona fasciculata of the adrenal gland 
from an adult hog. x 200. 


. 
ab. 


Am. J. Res. 
JULY 1955 


ON ARTHRITIS IN SwINeE. II 371 


normal architecture of the adrenal glands 
and fibrosis of the kidneys were the two 
most constant pathological changes ob- 
served in the viscera of advanced cases of 
chronic polyarthritis. The importance of 
these changes in relation to development of 
the arthritic syndrome is not known. It is 
known that reduced renal activity delays 
the excretion of a number of body wastes. 
Just what effect these by-products of me- 
tabolism have on arthritis directly, and on 
the adrenal gland indirectly, is subject to 
speculation. It is highly probable that in 
animals with advanced chronic polyarthri- 
tis which have severe damage of adrenal 
gland and kidney, an interference with 
normal cortical hormone production and 
utilization by the animal has occurred. 
This may account for the continued active 
development of the arthritic condition 
after the infectious agent can no longer be 
isolated from the joints. 

Cortisone therapy for six weeks pro- 
duced a marked clinical improvement in 
the condition of 3 arthritic swine. There 
was a remission of soreness and stiffness, 
and the animals were able to rise without 


. 


Fig. 3—The zona glomerulosa and a 


assistance after the third week. They were 
more active, had improved appetites, and 
gained weight. Complete recovery was not 
attained, however. In these animals, 
erythrocyte sedimentation rates fluctuated 
within and above the range for normal 
swine, indicating that sedimentation rate 
alone may not be reliable for judging clini- 
cal improvement. It is important to keep 
in mind that the course of chronic arthritis 
is likely to be characterized by periods of 
exacerbation and remission. 

In these 3 animals, adrenal gland and 
kidney damage may have offset part of the 
therapeutic value of cortisone; conse- 
quently, prolonged therapy with all of the 
adrenal cortical hormones may sometimes 
be indicated. Also, in bone 
changes may be extensive and clinical im- 
provement may require many months of 
therapy. 

Doyle et al.* reported marked clinical 
improvement within five days in 3 shoats 
which had naturally occurring arthritis 
and were treated with cortisone (100 mg. 
daily). When hormonal therapy was dis- 
continued, symptoms recurred within two 


some cases, 


rtion of the zona fasciculata ef the adrenal gland of 
an arthritic hog treated with adrenocorticotropic hormone. The zona glomerulosa is apparently 
markedly hypertrophied. x 200. 
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to thirty days. The same authors treated 
2 arthritic swine with ACTH (40 mg. 
daily). One animal responded after five 
days and symptoms returned twenty days 
post-treatment. The other animal failed 
to respond. 

In the experiments of Doyle et al., the 
animals responded sooner. However, the 
dose of cortisone was larger than that ad- 
ministered to the arthritic hogs in this 
experiment. 

Doyle et al. reported a remission of 
symptoms in 1 shoat treated with ACTH 
followed by a recurrence twenty days 
later. In the present experiment in which 
ACTH was used to treat 4 arthritic ani- 
mals, little or no clinical improvement was 
observed. However, a reduction in sedi- 
mentation rate did occur. Three weeks 
after the withdrawal of therapy, the sedi- 
mentation rates in 3 of the animals rose to 
a higher level and the animals were con- 
siderably worse than before treatment. The 
appetite was poor and a loss of body 
weight occurred. In 1 animal which was 


destroyed to observe the pathological 
changes, enlargement of the adrenal glands 


had occurred. The zona glomerulosa ap- 
peared hypertrophied (fig. 2 and 3). This 
suggests hyperactivity of the gland but 
does not necessarily indicate an increased 
cortical output. Had there been an in- 
creased cortical output, theoretically an 
improvement in the physical condition of 
the animals should have taken place, pro- 
viding severe renal damage had not offset 
these effects. 

From these results, it would seem that 
ACTH is contraindicated at the dosage 
used. From the point of pathological con- 
siderations, ACTH may be contraindicated 
in animals with damage to the adrenal 
gland and kidney, since it stimulates the 
adrenal glands which in turn influence the 
adrenal-kidney axis. In animals so affected 
it would seem that rest and not stimulation 
of the adrenal glands and kidneys may be 
beneficial for recovery. This concept is 
supported in that 3 animals which had lost 
weight during ACTH therapy, gained 
weight, had improved appetites, and were 
less lame after four weeks of subsequent 
cortisone therapy. The normal animal was 
unaffected by the ACTH aad made exeel- 
lent weight gains during the period of 
therapy and thereafter. 


Thus it seems that cortisone reduces the 
severity of the symptoms probably by re- 
ducing the soreness, stiffness, and inflam- 
mation of the joint structures. It aids in 
carbohydrate metabolism and _ indirectly 
improves the appetite, in spite of adrenal 
and kidney damage. Since ACTH stimu- 
lates the adrenal glands to greater funce- 
tional activity, theoretically it should im- 
prove the condition of the animal unless 
severe degenerative changes have occurred 
in the adrenal glands and kidneys prior to 
hormonal therapy. 


SUMMARY 


1) The administration of 75 mg. of cor- 
tisone subcutaneously daily for four weeks, 
50 mg. daily for one week, and 25 mg. 
daily for one week, produced marked clini- 
cal improvement in three advanced chronic 
eases of arthritis due to Erysipelothrizx 
rhusiopathiae infections. 

2) At the dosage of adrenocorticotropic 
hormone (ACTH) used, no appreciable im- 
provement in condition was observed in 4 
arthritic swine treated. 

3) A marked reduction in the erythro- 
cyte sedimentation rate was produced by 
ACTH therapy, but the rates rose to the 
original level or higher three weeks after 
withdrawal of hormone treatment. 

4) The most constant pathological 
changes observed in the viscera of ad- 
vanced chronic cases of arthritis occurred 
in the kidneys and adrenal glands. 

5) In arthritic swine with severe renal 
and adrenal gland damage, ACTH may be 
contraindicated, since adrenal rest, not 
stimulation, is needed. 
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Vesicular Stomatitis and Vesicular Exanthema Differentiation 
by Complement Fixation 


R. A. BANKOWSKI, D.V.M., Ph.D., and MARY B. KUMMER, B.A. 


Davis, California 


Iv IS GENERALLY admitted that the differ- 
ential diagnosis between vesicular stomati- 
tis (VS) and vesicular exanthema (VE) 
of swine on clinical grounds alone is im- 
possible. There are a number of tests, 
which are expensive and tedious, that 
differentiate between these viral agents; 
however, the complement-fixation test as a 
diagnostic aid and research tool is of great 
value for both speed and economy. Unfor- 
tunately, the tests used at the present time 
for VS and VE differ and, therefore, re- 
quire two sets of techniques, standards, 
and reagents to establish a serological diag- 
nosis. A test in which an identification and 
differentiation can be made in one opera- 
tion is highly desirable. These considera- 
tions and the apparent increase of VS oc- 
curring in swine in various parts of the 
United States stimulated the present 
study. Because VS is not an enzootic dis- 
ease of swine in California, this work has 
been done in our laboratory with inacti- 
vated virus and the observations are based 
on materials which are well controlled. The 
well-defined results obtained with VS, 
which are perhaps better than those usu- 
ally encountered under comparable condi- 
tions with the virus of VE, suggest that 
the method could be of great value with 
material from field outbreaks. 


METHODS 


The VS virus and the homologous antiserums 
were obtained through the courtesy of Dr. L. O. 
Mott of the Animal Disease and Parasite Research 
Branch, ARS, U.S.D.A. Both immunologically dis- 
tinct types of VS virus (type Indiana, strain Fort 
Lupton, and type New Jersey, strain Concan) were 
cultivated and represented a 10 per cent suspen- 
sion of chorioallantoic membranes of the :nfected 
chicken embryonating eggs. The suspensions “ere 
inactivated with ultraviolet light.’ The two strains 
of virus were shipped in dry ice by air and 
reached the laboratory the following day. Upon 
receipt, the viruses were stored at —15F. and 
thawed just before use. The VS antiserums were 
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obtained from hyperimmunized swine, and both 
types of antiserums were tested by the comple- 
ment-fixation test by the ARS laboratory and were 
found to contain sufficient complement-fixing anti- 
bodies. 

Vesicular exanthema virus and the respective 
type-specific, swine hyperimmune serums were pre- 
pared and proper dilutions employed in the pro- 
cedure as previously reported.’ 

Briefly, the test consisted of doubling dilutions 
of the antigen (1 through 160) in the presence of 
various agents. Controls for all reagents were in- 
cluded with each test. Since the high concentra- 
tion of third component (C;) of swine serums en- 
hanced the complement titer of guinea pig serums, 
each swine serum employed in the test was in- 
cluded in the guinea pig complement titration, and 
the dose of complement was carefully ad- 
justed to contain 1 full unit. The amounts of the 
various reagents used were: (1) virus, 0.25 ml. of 
the various dilutions; (2) swine antiserum, 0.25 
ml. of a dilution which has been previously deter- 
mined for optimum antibody concentration; and 
(3) complement, 0.25 ml. or less in a dilution as 
previously determined to contain 1 full unit in 
presence of 0.25 ml. of each swine serum in the 
test. Where the volume was less than 0.75 ml. or 
a reagent was omitted, the total volume was made 
up with 0.9 per cent NaCl. 

Fixation of complement to take 
place in an ice chest at 4 C. for eighteen to twenty- 
four hours. One-half milliliter of the hemolytic 
system, which consisted of equal parts of ambo- 
ceptor containing 4 units per 0.25 ml. and a 4 per 
cent sheep red blood cell suspension, was added to 
each tube and incubation was continued for thirty 
minutes at 37 C. in a water bath. Readings were 
made immediately thereafter. 


used 


was allowed 


RESULTS 

When both types of VS virus, employed 
as crude 10 per cent suspensions of chorio- 
allantoic membranes, were tested against 
10 or 20 per cent homologous swine anti- 
serums, clear-cut fixation of complement to 
a high degree resulted, but a differentia- 
tion between the New Jersey and Indiana 
types was not evident. Also of interest is 
the marked cross fixation between both 
types of VS virus and types A,, and B,, 
VE, diluted antiserums (table 1). Repeti- 
tion of the test with the same materials, 
but clarifying the antigens with Lloyd’s 
reagent before testing, markedly decreased 


[ 374 ] 


‘ 
j 


AM. J. VET. RES. 
JuLy 1955 


VESICULAR STOMATITIS AND VESICULAR EXaNTHEMA 


375 


the cross fixation between VS antigens and 
VE swine antiserums, which suggests that 
much of the fixation was probably nonspe- 
cific. Similar nonspecific reactions were 
observed in experiments dealing with 
crude antigens and with chicken and swine 
embryonic tissues following clarification.* 

Type-specifie fixation has been obtained 
with type B, VE virus as an antigen using 
all four VE and both types of VS swine 
antiserums, even though the latter were 
employed in high concentrations. 

Since a differentiation between the two 
types of VS virus was not possible when 
high concentrations of antiserums and vi- 
rus were used in the presence of 1 unit of 
complement, a number of experiments were 
carried out on the factors influencing the 
degree of fixation between VS virus and 
their antiserums. It was found that differ- 
entiation between the two types could be 
demonstrated (1) by keeping the antigen 
constant (10 % suspension) and varying, 
by dilution, the amount of serums or anti- 
body in the reaction and (2) by keeping 
the serums at a predetermined concentra- 


TABLE i—Fixation of Complement in Tests 

Using Crude 10 Per Cent Suspensions of Types 

New Jersey and Indiana Vesicular Stomatitis 

Virus * and Vesicular Stomatitis and Vesicular Ex- 

anthema Swine Antiserums in the Presence of 
1 Unit of Complement * 


ANTISERUMS ANTIGEN DILUTION 


TYPE] & | 10 | 20] 40 | 80 160 


ANTIGEN® 


NORM) 4) | —|—|— 


10% Aas 2 3+ | 3+ | 4+ | 4+ 
"| | 3+ + 


New Jerse’ 
w Jersey Ge | 2 


v.S. Des 1 20 


(concan) | Nd | 20 


10 


4 


10% 


Indiana 


(Ft Lupton) v | Nd. 4+14+144+14+ 1+ 


S.| IND. | 10 4+ | 4+ | 4414+ 


1Ten per cent suspension of infected chorioallantoic 
membranes of chicken embryonating eggs. * Using a 10 
per cent suspension of vesicles infected with type Bs, 
vesicular exanthema virus as antigen within the same 
test showed a specific fixation with type B antiserum 
without cross fixation with other vesicular exanthema or 
vesicular stomatitis antiserums. * Antigens centrifuged at 
3,000 r.p.m. for ten minutes before use. 


TABLE 2— Specificity of Types in Complement 
Fixation Using 1 and 2 Full Units of Complement 
ANTISERUMS| 
TYPE] % 


NJ. | 8 | 


Fix with | full unit of complement 
10 | 20 | 40 | 80 | 160 


4+ 4+ 
Ind. | 8 | 4+) 4+ 34+) — 
Nu | 8 44/34) — | — | — 


+ 


[4+ lat | 4+ | 4+ | 
Fix with 2 full units of conplonant | 


[4+ 4+ 4+ | 44 


— 


ANTIGEN 


10% Nu. VS. 
(Concan) 


10% Ind. V.S. 


(Ft. Lupton) | ing. 


10% Nu. VS. 
(Concan) 


| 


(Ft. Lupton) | ind, 4+ |4+ | 4+ | 3+ 


tion (1 %) and varying the amount of an- 
tigen in the reaction. Of these two pro- 
cedures, the latter would be far more 
desirable to adapt to this test because the 
test uses as antigen unknown material 
which is submitted to the laboratory for 
identification. It was also evident that a 
far greater degree of fixation was obtained 
by this method using VS antigens and 
antiserums than is usually encountered in 
VE under optimum conditions. With these 
points in mind, a series of experiments 
were conducted using a predetermined and 
standardized level of swine antiserums 
with doubling dilutions of a 10 per cent 
antigen, which would be comparable to the 
prepared sample as it is obtained from the 
field, and conducting the tests in the pres- 
ence of 1 and 2 full units of complement. 
As indicated in table 2, type-specific fixa- 
tion of complement could be clearly dem- 
onstrated and differentiation between the 
types was far more effective when the com- 
plement was increased from 1 to 2 full 
units. 

Since fixation of complement, even in 
the presence of large quantities of VE an- 
tigen and the homologous antiserums, is 
‘washed out’’ with 2 full units of comple- 
ment and no significant cross fixation be- 
tween the four types of VE antigens (A,,, 
B,,, C;., and D,,) was found in the limited 
amount of experimentation with VS anti- 
serums, it appeared that a single test to in- 
clude VS can be incorporated in the rou- 
tine testing program. Therefore, to detect 
and differentiate VE or VS by this tech- 
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nique, an unknow® antigen is titrated with 
normal and all four immunologically dis- 
tinet types of VE antiserums in the pres- 
ence of 1 full unit of complement and with 
the two types of VS antiserums in the 
presence of 2 full units of complement. 

In another modification in which fixa- 
tion was carried out at 37C. for thirty 
minutes in a water bath in place of fixation 
overnight, good fixation and differentiation 
was obtained with the Indiana virus but 
could not be obtained with the New Jersey 
virus. This may have been due to the qual- 
ity of the reagents, however, the fixations 
were found to be far superior with the pro- 
longed incubation period. 

Discussion 

It must be emphasized that the results 
recorded were obtained with material from 
an egg-propagated VS virus. Furthermore, 
only one strain of each type of the virus 
was employed. Confirmation, provided by 
the use of both infected material from hogs 
suffering from the disease and diversified 
strains, is greatly desired. This point can 
not be overemphasized, judging from the 


experience obtained with an apparent vari- 
ation in strain characteristics of VE which 
is routinely collected and submitted to this 
laboratory for testing, as well as the ex- 
perience of the English workers with a 
number of strains of the virus of foot-and- 


mouth disease.**® In view of the clear-cut 
results recorded here, this test could be 
used as an additional diagnostic tool with 
justifiable optimism. 

Points worthy of note are the marked 
differences observed in the degree of fixa- 
tion between VE and VS viruses and the 
similarity of the serological behavior of 
VE to foot-and-mouth disease virus. Like 
foot-and-mouth disease, VE shows a con- 
siderable cross reaction between the immu- 
nological types. Brooksby regards over- 
lapping with foot-and-mouth disease as 
manifestations of a fundamental property 


of the virus due to the presence of a com- 
mon antigen or as a degree of similarity 
between the type antigens which allows for 
this cross fixation at high antibody titers. 
Brooksby also noted a two- or threefold 
greater fixation with VS virus than with 
foot-and-mouth disease virus and empha- 
sized the parallel correlation of the eom- 
plement-fixing antibodies of these two dis- 
eases to the behavior of the neutralizing 
antibodies. Other evidence of similarity 
between the antigenic components with re- 
gard to cross neutralization and anamnes- 
tic response by heterologous types of foot- 
and-mouth disease virus has been observed 
with the VE virus.*:* From the data and 
experience obtained, the behavior of VE 
virus in serological reactions seems to be 
more closely allied to the behavior of foot- 
and-mouth disease virus than it is to VS. 


SUMMARY 


A method of detecting and differentiat- 
ing vesicular exanthema (VE) and vesicu- 
lar stomatitis (VS) is described. The com- 
plement-fixation reaction is type specific 
for the two strains of VS virus which was 
propagated in embryonating chicken eggs. 
No serious cross fixation was evident with 
types A,,, B;,, C,., and D,, VE virus. 
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The Histochemical Nature of Anaplasma Marginale 


JACK E. MOULTON, D.V.M., Ph.D., and JOHN F. CHRISTENSEN, Ph.D., D.V.M. 


Davis, California 


Anaplasma marginale Theiler, 1910, is 
generally described as a small, rounded 
body consisting of a dense mass of chroma- 
tin, devoid of cytoplasm, and multiplying 
by fission.2;? The bodies have been consid- 
ered by various investigators to represent 
a phase in the life cycle of the Piroplas- 
midae, a form of Howell-Jolly body, a re- 
action product to a virus, a degeneration 
product of the erythrocyte, and a proto- 
zoan parasite. The literature on this sub- 
ject has been reviewed thoroughly by Du 
Toit ‘ and Dikmans.* There have also been 
many papers on the morphology of the 
Anaplasma bodies, including a recent elec- 
tron microscope study in which elementary 
bodies were described,‘ but there has been 
only one report dealing with their histo- 
chemistry. Penha*® used the Feulgen tech- 
nique to demonstrate desoxyribonucleic 
acid in the Anaplasma bodies and showed 
that they could be differentiated from 
Howell-Jolly bodies on tnat basis. 

This paper reports the results of de- 
tailed histochemical studies of Anaplasma 
bodies. 


MATERIALS AND METHODS 


Blood smears were prepared from 2 cows experi 
mentally infected with blood containing A. margi 
nale. These smears showed approximately 50 per 
cent of the erythrocytes to be carrying marginal 
bodies (fig. 1). Diagnosis of anaplasmosis was 
confirmed at necropsy. 

Unfixed and fixed blood smears were employed 
in each histochemical test. The following fixatives 
were used: Zenker’s fluid, acetone, 10 per cent 
formalin, methyl aleohol, and Carnoy’s fixative. 
The smears were fixed for one hour at 4C. and, 
prior to staining, were washed in tap water for 
ten minutes. 

The substances investigated and the histochem- 
ical tests utilized are listed in table 1. Neutro- 
phils in the smears provided positive-staining con- 
trols for many of the tests, and kidney cortex was 
used as the control in the alkaline phosphatase 
test. The following negative-staining controls were 
employed: unhydrolyzed smears with the Feulgen 
reaction, smears digested with ribonuclease in the 
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test for ribonucleic acid, and substrate lacking 
phosphate in the alkaline phosphatase test. 


RESULTS 


The Anaplasma bodies showed a positive 
pink color in the Feulgen test for desoxy- 


TABLE 1— Substances Investigated and Histo- 
chemical Methods Employed in the Study of 
Anaplasma Marginale 


Substances Methods 


Feulgen * 

Methyl green pyronine 
and ribonuclease * 

Ferrocyanide * 

Sakaguchi 

Millon 

Periodic acid-Schiff ™ 

Prussian blue ” 

von Kossa “ 

Sudan black B 

Stable or M. Nadi * 

Tetrazolium ™ 

Benzidine 


Desoxyribonucleic acid 
Ribonucleic acid 


Protein 

Arginine 

Tyrosine 

Polysaccharide complexes 
Organic iron, inorganic iron 
Calcium 

Lipids 

Fat peroxides 
Dehydrogenase 

Peroxidase 


ribonucleic acid (fig. 2). Unhydrolyzed 
control smears were negative (fig. 3). Leu- 
kocyte nuclei reacted like the Anaplasma 
bodies (fig. 2 and 3 The Anaplasma 
bodies also exhibited positive staining in 
the methyl green-pyronine test for ribo- 
nucleic acid (fig. 4). The bodies stained 
red and this color could be prevented by 
incubating smears in a solution of ribo- 


Fig. 1—Giesma stain of unfixed blood smear show- 
ing Anaplasma bodies in the erythrocytes. x 1800. 
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Fig. 2—-Feulgen reaction for desoxyribonucleic 

acid. Anaplasma organisms and neutrophil nucleus 

show positive reactions. Methyl alcohol fixation, 
x 1800. 


nuclease before staining (fig. 5). Leuko- 
cyte cytoplasm reacted like Anaplasma 
bodies in this test and leukocyte nuclei 
stained bluish green and were unaffected 


Fig. 3—Unhydrolyzed control smear for Feulgen 

reaction. Note negative reactions of Anaplasma 

bodies and neutrophil nucleus. Methyl alcohol fix- 
ation, x 1800. 
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Fig. 4—Methyl green-pyronine test for ribonucleic 

acid. Anaplasma bodies and leukocyte cytoplasm 

showed positive red staining. Carnoy’s fixative, 
x 1800. 


by enzyme digestion. Complete loss of 
stainability in both Anaplasma bodies and 
leukocytes was obtained after extraction in 


5 per cent trichloroacetic acid. 
The Anaplasma bodies demonstrated 
positive blue staining in the ferrocyanide 


Fig. 5—Ribonuclease-digested control smear for 

methyl green-pyronine test for ribonucleic acid. 

Note absence of staining of Anaplasma bodies. 
Carnoy’s fixative, x 1800. 
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test for protein, but tests for arginine and 
tyrosine were negative. No polysaccharide 
complexes could be demonstrated in the 
bodies by the periodic acid-Schiff method. 
Schiff-positive control staining was ob- 
served in the myeloid granules in the same 
preparations (fig. 6). 

The Prussian blue test for organic iron 
reacted with minute, blue coloration of 
Anaplasma bodies and leukocyte nuelei. 
The tests for inorganic iron and calcium 
were negative. Lipids (fig. 7), fat perox- 
ides, and peroxidase could not be demon- 
strated in the Anaplasma bodies and posi- 
tive control staining of these substances 
was observed in the myeloid granules (fig. 
7). The bodies were also negative for de- 
hydrogenase and alkaline phosphatase. 
Control sections of bovine kidney cortex 
showed positive staining for alkaline phos- 
phatase and tissues incubated in substrate 
lacking phosphate reacted negatively. 


Fig. 6—Periodic acid-Schiff test for polysaccharide 
complexes. This shows negative staining of Ana- 
plasma bodies and positive control staining of 


myeloid granules. Zenker’s fixative, x 1800. 


Fig. 7—Sudan black B stain for lipids. Note ab- 

sence of staining in Anaplasma bodies and posi- 

tive control staining of myeloid granules. Unfixed 
smear, x 1800. 


Discussion 

The positive histochemical reactions for 
desoxyribonucleie acid, ribonucleic acid, 
organic iron, and protein in A. marginale 
seem to indicate that these bodies are ani- 
mate particles containing nuclear chroma- 
tin. Their particular chemical composition 
is not consistent with their being degrada- 
tion products of erythrocytes, Howell-Jolly 
bodies, or staining artefacts. However, on 
the basis of the histochemistry of the Ana- 
plasma bodies alone, no differentiation can 
be made as to whether or not they repre- 
sent bacteria, viruses, or Protozoa. 


SUMMARY 


Anaplasma marginale in blood smears 
were studied by histochemical techniques. 
The Anaplasma bodies showed positive re- 
actions for desoxyribonueleie acid, ribonu- 
cleic acid, protein, and organic iron. Nega- 
tive-staining results were obtained for 
arginine, tyrosine, polysaccharide com- 
plexes, inorganic iron, calcium, lipids, fat 


379 
* 
ti 


380 


J. E. J. F. CHRISTENSEN 


Am. J. Ver. Res. 
JULY 1955 


peroxides, peroxidase, dehydrogenase, and 
alkaline phosphatase. 
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An Immunogenic Agent for the Protection of Cattle 
Against Leptospira Pomona 


WARREN G. HOAG, D.V.M., and WILSON B. BELL, D.V.M., Ph.D. 


Blacksburg, Virginia 


BoviINE leptospirosis is a disease which pre- 
sents an important control problem because 
of the large numbers of viable organisms 
shed in the urine of infected or convales- 
cent animals. The resulting high level of 
infectivity more than compensates for the 
relatively low incidence of clinical disease. 
Bovine leptospirosis is manifested by a va- 
riety of symptoms including abortion, py- 
rexia, hemoglobinuria, and sudden death. 
A large number of cases, however, are of 
the subclinical or inapparent type. Ani- 
mals with either apparent or inapparent 
infection may develop into transitory uri- 
nary shedders in the clinically convales- 
cent or recovered phase. Those with inap- 
parent infection may shed organisms which 
cause apparent clinical symptoms in the 
next host. It is important, then, for satis- 
factory control of the disease, that the 
elimination or prevention of clinical symp- 
toms be accompanied by the prevention of 
the urinary carrier state.*~* 

The experience of research workers and 
clinicians in the search for a specific thera- 
peutie agent for the treatment of bovine 
leptospirosis has been varied and disap- 
pointing. Hall et al.* undertook to evalu- 
ate a series of antibiotics in an outbreak of 
leptospirosis in man. Their work indicated 
that the antibiotics used were of little 
value. Similar indications have been re- 
ported by veterinarians, although some 
workers have attributed recoveries to the 
use of various antibiotics. Hoag and Bell,® 
in im vitro studies, found evidence of a 
serotype specificity to the action of strepto- 
mycin. This may be an explanation for the 
varied results encountered in the antibiotic 
treatment of bovine leptospirosis. 

The diagnosis of leptospirosis is difficult 
and time-consuming. Serological methods 
depend upon the demonstration of anti- 
body titers in paired serum samples.** In- 
creasing titers in serial serum samples 
taken at a minimum ten-day interval 
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indicate recent leptospiral infection. Bac- 
teriological techniques are laborious and 
difficult because of the fastidious growth 
requirements of the organism. It can be 
readily understood, therefore, that by the 
time a diagnosis is made by serological or 
bacteriological or by both methods the pa- 
tient is either recovered, convalescent, or 
dead. 

Active immunization of susceptible cat- 
tle in an enzootic area or in an infected 
herd appears to be the logical approach to 
the control or elimination of bovine lepto- 
spirosis..°° The immunizing agent should 
be one that will prevent the development 
of urinary carriers. The use of attenuated 
organisms might prevent development of 
clinical symptoms but not prevent the de- 
velopment of urinary carriers. Further- 
more, virulence of the organisms may be 
increased in such carriers with ensuing 
possibilities of future explosive outbreaks 
in susceptible hosts. The immunizing agent 
should be inexpensive so that owners can 
have their herds routinely immunized in 
order to prevent the hidden economic losses 
which may be spread over a period of 
months or years. 

With these thoughts in mind, studies on 
a leptospiral immunogenic agent were be- 
gun. The results of these studies form the 
basis of this report. 


MATERIALS AND METHODS 


1) Preparation of the 
Leptospira pomona 891* was grown on Stuart’s 
liquid medium * in Ehrlenmeyer flasks at 30 C. for 
ten to fourteen days. After incubation, the con 
tents of the flasks were pooled and the total vol 
ume measured. One-tenth normal acetic acid was 
added in an amount equal to 3 per cent of the 
volume of the pooled material. The acidified cul 
ture was heated to 100C. until a heavy, whitish 
eurd of protein material was formed (10 to 15 
minutes). After cooling to room temperature with 
running tap water, the precipitate was removed 
by filtration or centrifugation and resuspended in 
a small amount of distilled water. One-tenth nor- 


Immunogenic Agent. 


* Obtained from the Veterinary Division, Army Medi- 


eal Service Graduate School, Washington, D. C. 
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mal NaOH was then added to the resuspended 
precipitate until complete solution was obtained. 
The reeonstituted material was then brought to 
one-fifth of the original pooled volume by the 
addition of distilled water and preserved with 
merthiolatet at a final concentration of 1:10,000. 
Two parts of this final concentration were added 
to 3 parts of an adjuvant composed of lanolin and 
liquid petrolatum (2 parts vetrolatum, light grade, 
N.F. and 1 part lanolin).“ This mixture, desig- 
nated as the immunogenic agent, was shaken well 
and stored at approximately 5C. until use. At the 
time of use, the immunogenic agent was warmed 
until liquefied and shaken well before injection. 

2) Use of the Immunogenic Agent in Cattle.— 
Experiment 1.—Dairy calves, 10 to 12 weeks old 
and negative to the microscopic agglutination-lysis 
test “* to Leptospira pomona, Leptospira grippoty- 
phosa, Leptospira sejroe, and Leptospira canic- 
ola*”** were selected for uniformity in size. Eight 
ealves were injected subcutaneously in the cervical 
region with 5 ml. of the immunogenic agent two 
weeks after its preparation. Seven days later, 4 
of these calves were similarly reinjected. Five un- 
injected calves were used as controls. Two months 
after the last injection date, all 13 calves were 
challenged. 

Leptospira pomona 285t was used as the chal- 

+ Thimerosal, Eli Lilly and Co. 

t Obtained from the Veterinary Division, Army Medi- 
cal Service Graduate School, Washington, D. C. 


TEMPERATURE 
EGREES F 


102 
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02 


4 


4 5 6 9 10" 12 13 
DAYS AFTER CHALLENGE 
Fig. 1—Temperature charts, following challenge 
with Leptospira pomona, of calves injected with 
the immunizing agent and of control calves in ex- 
periment 1. Plus signs indicate isolation of L. 
pomona from the blood. 


lenge material. The virulence of the strain was 
increased for calves by inoculating a sample of 
blood from a moribund hamster (inoculated 3 days 
previously with a culture of the organisms) into a 
7-week-old ealf. The hamster blood was diluted in 
saline to 10° and inoculated intramuseularly in 
the thigh region of the calf. At the first tempera- 
ture rise in the ealf, 30 ml. of venous blood was 
drawn and similarly inoculated into a second calf. 
Passage in this manner was made through 6 calves 
until clinical symptoms were consistently produced 
as early as the fourth day. Virulence in the last 2 
of the serial passage calves was such that death 
oecurred on the ninth and fifteenth days, respec- 
tively. Leptospira pomona were cultured from all 
blood used in these passages. Blood from the sixth 
passage calf, diluted with normal saline to 10°, 
was used for the challenge material. Each calf in 
the experiment received 10 ml. of this challenge 
material intramuscularly in the thigh region. 

Rectal temperatures were taken twice daily for 
fifteen days after challenge (at 8 a.m. and 4 p.m.). 
General examination of each calf was made at this 
time. Blood samples for the agglutination-lysis 
test were drawn at the time of vaccination, chal- 
lenge, and on the seventh, twelfth, twenty-third, 
thirty-third, fortieth, and fifty-third day after 
challenge. Blood samples were also taken asepti- 
eally each day for fifteen days after challenge for 
culturing. These samples were immediately inocu- 
lated into both Fletcher’s and Schiiffner’s me- 
diums.” The cultures were incubated at 30C. for 
thirty days before being discarded as negative. 

Samples of urine were drawn weekly starting on 
the twelfth day after challenge. One-half milli- 
liter of the urine obtained from each calf was in- 
oculated into each of 4 hamsters. Blood was ob- 
tained from the hamsters by cardiac puncture on 
the fourth day and cultured in Fletecher’s and 
Schiiffner’s mediums. 

All surviving animals were destroyed fifty-three 
days after challenge. Complete portmortem exam- 
inations were made, and portions of the kidneys 
were taken for culture. The kidney tissue was 
ground with a TenBroeck-type tissue grinder and 
inoculated into hamsters, as well as directly into 
Fletecher’s and Schiiffner’s mediums. 

Experiment 2.—A second lot of the immuno- 
genic agent was prepared for use according to the 
procedure previously described. However, it was 
injected into calves one month after preparation 
rather than two weeks, as in the first experiment. 

A group of dairy calves, 6 to 8 weeks of age, 
were selected for the second experiment. They 
were of uniform size and were negative for lepto- 
spiral agglutinating antibodies. Four calves were 
given a single dose of the immunogenic agent, 4 
received two doses at a seven-day interval, and 2 
were left as controls. 

All calves were challenged four weeks after the 
last inoculation date of the multiple dose group. 
The challenge material was prepared as in experi- 
ment i. 


CALF 
4 
= 
contro. [| = 
CONTROL 
CONTROL HEMOGLOBINURIA 
One DOSE 102 
one Dose 102 
386 
385 
ONE DOSE —~102 
389 
TwO DOSES 108 
TWO DOSES| 2 
388 . 4 hoe 
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Blood and urine cultures were made, and sero- 
logical tests were run as described in experiment 
1. Clinical examinations were made throughout 
the course of the experiment and rectal tempera- 
tures were recorded for the first fifteen days after 
challenge. Postmortem examinations and cultures 
were made, as in experiment 1, on the fifty-fifth 
day after challenge. 


RESULTS 

The results of experiment 1 are summar- 
ized in figure 1 and table 1. 

Fever and anorexia were produced in all 
control calves by the challenge material. 
Leptospiremia, determined by blood eul- 
ture, developed in all controls and all be- 
came urinary shedders. On necropsy of 
the control calves fifty-three days after 
challenge, L. pomona was isolated from the 
kidneys which consistently showed a severe 
interstitial nephritis. This varied from a 
severe chronic to the peracute form found 
in calf 1707. This calf had developed 
hemoglobinuria and had died on the fif- 
teenth day. 

Temperatures remained normal after 


challenge in the calves which had received 
the immunogenic agent except for a tran- 
sitory rise in 3. There was no correlation 
of temperature rise with the number of 
doses of immunogenic agent received. The 
calves which had received the immunogenic 
agent did not develop leptospiremia or 
leptospiruria and none became urinary 
shedders. They were entirely normal on 
postmortem examination and kidney mate- 
rial did not yield Leptospira on culture. 

All controls developed a serum titer 
against L. pomona antigens on the agglu- 
tination-lysis test. The calves receiving the 
immunogenic agent did not develop agglu- 
tinating antibody either before or after 
challenge, except calf 385 which developed 
a titer at the fortieth day after challenge. 

The results of experiment 2 are summar- 
ized in figure 2 and table 2. 

The controls developed clinical signs of 
leptospirosis with anorexia, fever, and 
hemoglobinuria. Leptospira pomona was 
isolated from the blood during the febrile 
stage and both controls became urinary 


TABLED 1—Results of Challenging Immunized and Control Calves with Leptospira Pomona— 
Experiment 1 


Calf No. 
and 
treatment D 


D+7 D+12 


D+23 


Remarks 


D+33 D+40 D+53 (postmortem ) 


379 
Control 


Serology 
Urine culture 


100 1,600 


ND ND -- 


400 100 100 
aon 


100 Kidney lesicus 
ND Pos. kidney culture 


A92 
Control 


Serology 


400 
Urine culture 


ND ND 


6,400 


25,600 102,400 Kidney lesions 
+ - ND Pos. kidney culture 


378 
Control 


Serology 
Urine culture 


6,400 


ND ND + 


6,400 25,600 102,400 102,400 Kidney lesions 
ND Pos. kidney culture 


380 
Control 


- 6,400 
ND 


Serology 


Urine culture ND 


6,400 102,400 25,600 
+ om 


25,600 Kidney lesions 
ND Pos. kidney culture 


1707 


Control 


Serology _ on 
Urine culture ND ND 


400 


Died on fifteenth day. 
Died on fifteeath day. 


Kidney lesions 
Pos. kidney culture 


7108 
One dose 


Serology 


Urine culture ND ND 


Normal 
Neg. kidney 


ND culture 


A93 
One dose 


Serology 
Urine culture ND ND 


Normal 


ND _ Neg. kidney culture 


386 
One dose 


Serology 
Urine culture ND ND 


Normal 


ND_ Neg. kidney culture 


385 
One dose 


Serology 
Urine culture ND ND 


Normal 
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Fig. 2—Temperature charts, following challenge 

with Leptospira pomona, of calves injected with 

the immunizing agent and of control calves in ex- 

periment 2. Plus signs indicate isolation of L. 
pomona from the blood. 


shedders. Postmortem lesions were consist- 
ent with the clinical findings. Isolation of 
L. pomona was made from the kidney ma- 
terial taken at the autopsy of each control. 
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The calves which had received the immu- 
nogenic agent remained normal clinically 
and were negative on postmortem examina- 
tion and culture. Leptospiruria and lepto- 
spiremia did not develop in any of these 
calves. 

Both controls developed high agglutina- 
tion-lysis antibody titers following chal- 
lenge. The calves injected with the immu- 
nogenic agent developed titers from 1:100 
to 1:400 as a result of the injection but 
only slight rises in titers resulted from in- 
jection of the challenge material. 

DISCUSSION 

The high antigenicity of soluble antigens 
has been demonstrated by the work of 
Ezell et al.*7 Since the studies being re- 
ported were begun, Larson ef al.’* have 
reported on the use of antigens of the sol- 
uble type as immunogenie material in mice. 
Their work supports the findings reported 
here in which agglutinating antibodies 
were not correlated with the presence of 
immunity. The possible use of soluble. an- 
tigens for immunogenic purposes in many 
diseases seems hopeful. The detection of 
agglutinating antibodies is used in many 
diagnostic techniques and the differentia- 
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tion of artificially immunized, naturally 
immunized, and infected animals is a diffi- 
cult task at best. The widespread use of 
agglutinogeniec antigens as immunizing 
agents often makes this differentiation im- 
possible. The use of an agent which pro- 
duces a satisfactory immunity, yet pro- 
duces little or no confusing agglutinating 
antibody response, simplifies the problem. 
The results presented here indicate that 
the immunogenic agent prepared and used 
in these studies produces a satisfactory im- 
munity without seriously interfering with 
diagnostic techniques. It could, therefore, 
be useful in a control program. 

The calves in experiment 1 did not de- 
velop agglutinating antibodies after receiv- 
ing the immunogenic agent, whereas the 
calves in experiment 2 developed low titers 
(none higher than 1:400). This difference 
in response is probably attyibutable to a 
difference in antigenicity of the two lots of 
the immunogenic agent. Low titers, such 
as developed in the calves in the second ex- 
periment, would not interfere with routine 
agglutination-lysis tests used for diagnosis 
or survey purposes. In both experiments, 
however, the immunogenic agent produced 
an immunity which appeared to be effec- 
tive in protecting against bacteremia, bac- 
teriuria, clinieal illness, and the chronic 
form of the disease. The control calves, on 
the other hand, presented all of these signs 
of infection by L. pomona. 

Another difference in the two experi- 
ments lies in the antibody response of the 
immunized calves after challenge. The 
calves in the second experiment showed a 
small inerease over their prechallenge low 
titers, while the immunized calves in the 
first group, except one, showed no such re- 
sponse. One explanation for this variation 
may be that the second lot of challenge ma- 
terial had a greater virulence than that 
used in the first experiment. The difference 
in the ages of the two groups of calves may 
have also been a factor. 


SUMMARY 


A soluble antigen prepared by the acid- 
heat extraction of living cultures of Lepto- 
spira pomona was used as an immunogenic 
agent. The results of its use in calves indi- 
cate that it has the following characteris- 
tics: (1) it is inexpensive, simple in prepa- 
ration, and is reproducible; (2) it pro- 


duces little or no agglutination-lysis anti- 
body (no higher response in caives than 
1:400 serum titer in the test system) ; and 
it (3) produces a satisfactory immunity to 
L. pomona as indicated by the absence of 
leptospiremia, leptospiruria, and other 
pathological or clinical evidence of L. po- 
mona infection. 

Further studies of the duration of im- 
munity, cross protection against other lep- 
tospiral serotypes, laboratory immunogenic 
titrations, and storage qualities of this 
product are to be undertaken. 
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Oxytetracycline in Bovine Mastitis 
1. Treatment of Mastitis 


L. E. BARNES, D.V.M., M.S. 


Ames, Iowa 


InFecTioUus bovine mastitis is one of the 
most important disease problems of dairy 
cattle. Oxytetracycline, introduced in 1950, 
is one of the recent agents which has been 
used as an aid in mastitis control. The 
purpose of this work is to evaluate the 
efficacy of treatment of infectious bovine 
mastitis with oxytetracycline in controlled 
clinical trials. 


LITERATURE REVIEW 


Finlay et al.‘ reported in 1950 the isolation of 
oxytetraecyeline (terramycin®) from Streptomyces 
rimosus. The first reports on the use of the drug 
in treatment of infectious bovine mastitis ap- 
peared in 1951. Tableman”™ treated 8 animals 
with oxytetracycline udder infusion ointment. All 
became clinically normal within seventy-two hours, 
but he did not identify the etiological agents. 
Cromley and Hagley’? found the drug to be effee- 
tive in controlling the general symptoms of mas- 
titis but made no mention as to whether the 
Staphylococcus organism had been eliminated from 
the milk. Simon and Schmidt* found that treat- 
ment of streptococcal udder infections with 200 
mg. and with 400 mg. of oxytetracycline infusion 
ointment eliminated the infection from 60.0 and 
from 59.4 per cent of the quarters, respectively, 
without inflammatory response by the udder. 

Tiinsmeyer,” using three 400-mg. infusions of 
oxytetracycline ointment, reported that 80 per cent 
of the treated coliform mastitis was clinically im- 
proved and that 66 per cent became bacteriologi- 
eally negative; also, that all of 15 streptococcal 
and four of five staphylococcal mastitis infections 
were eliminated by oxytetracycline infusions. 

Barnes’ treated 4 cows with bovine mastitis 
eaused by Klebsiella pnewmoniae with oxytetra- 
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eycline. Systemic symptoms were relieved in each 
by intramuscular administration, but local treat- 
ment did not always eliminate the organism from 
the infected quarters. 

Gratzl and Jaksch*® found that the injection of 
oxytetracycline, 10 mg. per kilogram, in the horse 
frequently resulted in marked general weakness. 
The local inflammatory response was much more 
severe following subcutaneous than following in- 
tramuscular injections. 

Morse, Spencer, and Simon* determined the in 
vitro sensitivity to oxytetracyecline of bacteria iso- 
lated from animals. They found that 15 strains 
of streptococci and 14 strains of staphylococci 
were inhibited by 1 ug. per milliliter, while 3 ug. 
per milliliter was necessary to inhibit three other 
strains of staphylococci. One microgram per milli- 
liter was lethal to all strains of Streptococcus 
agalactiae and three strains of Staphylococcus 
aureus, but five strains of Streptococcus uberis 
and one strain of Staph. aureus were killed only 
by concentrations greater than 100 ywg. per milli- 
liter and two strains of Staph. aureus were killed 
by 7 wg. per milliliter. Two strains of Pseudo- 
monas aeruginosa of animal origin were inhibited 
in vitro by 50 wg. per milliliter for twenty-four 
hours. Two other strains were inhibited by 100 
wg. per milliliter but were killed only by concen- 
trations greater than 100 ug. per milliliter. 

Richou, Gerbeaux, and Schlaepfer® studied the 
sensitivity to oxytetracycline of 21 strains of 
Staph. aureus, 16 of which were inhibited by 1. 
ug. per milliliter or less and five by between 1. 
and 5.0 wg. per milliliter. 

Edwards* reported that several strains of Str. 
agalactiae, Str. uberis, and Staph. aureus were in- 
hibited by 1.9 wg. per milliliter of oxytetracycline 
for twenty-four hours at 37 C. in broth. 


DESCRIPTION OF THE HERD 


All treatment of mastitis with oxytetracycline* 
was conducted in the Iowa State College dairy 
herd composed of approximately 120 milking cows. 
The five major dairy breeds were represened. Sani- 
tary measures were above average. The udders 
were washed before the cows entered the milking 
stalls and wiped with an individual, clean, damp 
cloth immediately prior to milking. Each milking 
unit had two claw-type heads so that one could be 
sanitized by immersion in water at 170 F. for ap- 
proximately four minutes while the other was in 
use. The cups were cooled with running tap water 
before being placed on the teats. Between milk- 
ings, twice daily, the teat cups were filled with a 


* Furnished by Chas. A. Pfizer Co., Brooklyn, N. Y. 
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1 per cent solution of commercial lve. A strip cup 
was available and any abnormalities observed dur- 
ing milking were reported to the author. 

The entire herd was tested annually and was 
free of brucellosis and tuberculosis. 

No mastitis caused by Str. agalactiae had been 
found in the herd since 1944." The incidence of 
mastitis in 124 cows in 1952 was 44 cows (35.5 %) 
infected in one or more quarters. Eighty-one 
(16.5 %) of 491 quarters of those cows were in- 
fected as follows: 

Staphylococcus aureus 45.78 % 
Streptococcus uberis 42.16 
Pseudomonas aeruginosa 7.22 % 
Streptococcus dysgalactiae 2.41 % 
Escherichia coli 2.41 % 


99.98 Yo 


METHODS OF PROCEDURE 


Diagnostic Methods.—Strip cup test, Hotis test, 
pH determination, catalase test, Whiteside test, 
and bacteriological culturing were used to estab- 
lish a diagnosis because no one test was completely 
accurate nor did it furnish all the desired 
information. 

Milk samples were incubated overnight at 37 C. 
and then streaked on one quarter of a 5 per cent 
bovine blood agar plate. The plates were incu- 
bated for sixteen to twenty hours and then exam- 
ined for growth. Small colonies which resembled 
those of streptococci were picked into infusion 
broth and further differentiated by biochemical 
fermentations. Typical colonies showing double- 
zone hemolysis were identified as Staph. aureus. 
If the hemolysis was weak or atypical, a colony 
was inoculated onto 7.5 per cent sodium chloride, 
mannite agar and, later, a loopful was transferred 
for the coagulase test. Coagulation of dilute rab- 
bit plasma within twenty-four hours was consid- 
ered as confirmation of the presence of Staph. 
aureus. Pseudomonas aeruginosa was identified 
directly from the blood agar plate on the basis 
of beta hemolysis, green pigment formation, and 
the odor of trimethylamine. Colonies resembling 
those of coliform organisms were transferred into 
infusion broth and then tested for biochemical 


reactions. Many were further identified by their 
antigenic structure. 

Whenever Staph. aureus or Str. uberis was iden- 
tified from a milk sample, a diagnosis of mastitis 
was made. Coliform organisms and Ps. aeruginosa 
were not considered of pathogenic importance un- 
less they were isolated from two or more succes- 
sive samples and there were definite signs of in- 
flammation with no other pathogenic organism 
being isolated. 

Treatment Procedure.—Mastitis therapy was in- 
itiated at the time of the first examination. Usu- 
ally one 400-mg. tube of commercial ointment 
infusion (7.1 Gm., 60 mg./Gm.) of oxytetracycline 
was used every twenty-four hours for three treat- 
ments. If the condition was unusually severe, 800 
mg. was infused once daily usually for three days 
but for five or six days when the symptoms were 
not alleviated. Acute mastitis accompanied by 
systemic symptoms was treated by intramuscular 
administration of 1 or 2 Gm. of oxytetracycline, 
in addition to the local treatment, repeated every 
twelve or twenty-four hours until improvement 
was observed. No other medication was used. 

Results were determined by periodic examina- 
tion of milk samples with the same procedure as 
for diagnosis. The treatment was considered suc- 
eessful if the causal organism could not be iso- 
lated from the milk during any of three weekly 
examinations following treatment and if the in- 
direct tests indicated that the inflammation was 
subsiding. 

Procedure for Determining Irritant Proper- 
ties.—Since observations had indicated that oxy- 
tetracycline was irritating to the mammary gland, 
the clinical response and the catalase and White- 
side reactions of a few locally treated quarters 
were studied. Milk samples of six quarters, three 
normal and three infected, were collected once 
daily for a week preceding treatment with oxy- 
tetracycline infusion ointment and continued until 
five days following the last infusion. Physical ex- 
aminations, including palpation and strip cup 
tests, were also made. 

Methods for Determining Sensitivity of Mastitis 
Organisms to Oxytetracycline—To determine the 
in vitro sensitivity of Staph. aureus and Str. 


TABLE i1—Comparison of the Results of Treatment of Clinical and Subclinical Cases of 
Mastitis with Oxytetracycline 


No. 
treated 


Type of 
case 


Etiological 
agent 


Over-all 
recovery 


(%) 


No. 
recovered 


Recovered 


Str. 
uberis 
Str. 
dysgalactiae 
Staph. 
aureus 
Coliform 
group 
Ps. 
aeruginosa 
Total 


Clinical 12 
Subclinical 34 
Clinical 3 
Subclinical 
Clinical 15 
Subclinical 29 
Clinical 13 
Subclinical 

Clinical 

Subclinical 

Clinical 

Subclinical 

Grand total 


9 75. 82.69 
29 

33.30 

25.00 

69.23 


0.00 


(%) 
0 0.00 

0 0.00 

21 41.17 

38 59.37 
59 51.80 51.30 
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uberis to oxytetracycline, strains were selected 
from quarters that had and that had not recovered 
with oxytetracycline therapy. Twenty-one strains 
were used, 12 of Staph. aureus and nine of Str. 
uberis. 


TABLE 2—Correlation of Results of Treatment in 
Subclinical Cases of Mastitis with Duration of 
Infection 


Long standing 
infections 


Recently acquired 
infections 


Recov- Recov- 
ered ered 
(No.) 


Recov- Recov- 
ered ered Treated 
(No.) (%) (No.) 


Treated 
(No.) 


Streptococcal 16 12 75.0 18 14 7 
4 36.4 27 5 18.5 


Staphylococcal 11 


Bacteriostatie levels were determined by inocu- 
lating 24-hour broth eultures of the organisms 
onto 7.5 by 12.0 in. blood agar plates containing 
varying amounts of oxytetracycline per milliliter. 
The plates were incubated at 37 C. and examined 
for growth at twenty-four and forty-eight hours 
after inoculation. All 21 strains were tested simul- 
taneously on five plates each containing one of the 
following antibiotie concentrations: 2.5, 1.25, 0.63, 
0.32, or 0.16 wg. per milliliter. 

The bactericidal concentration of oxytetra- 
eyeline for each strain of Staph. aureus was deter- 
mined by using serial doubling dilutions of anti- 
biotic in infusion broth. The concentrations used 
were: 200, 100, 50, and 25 ug. per milliliter. Each 
tube was inoculated with 1 drop of a 10° dilution 
of a 24-hour broth culture of the Staphylococcus 
organism. Twenty-four and forty-eight hours fol- 
lowing inoculation, a loopful of material from 
each dilution was streaked onto a quarter of a 5 
per cent bovine blood agar plate and, if no growth 
appeared in twenty-four hours, the concentration 
of oxytetracycline represented by the sample was 
considered to be lethal. 

The eoncentration of 


bactericidal oxytetracy- 


cline for each strain of Str. uberis was determined 
by the same procedure, except that the concentra- 
tions used were: 20.0, 10.0, 5.0, 2.5, 1.25, 0.63, 
and 0.32 ug. per milliliter. 


RESULTS 

Treatment was most successful in cases 
caused by streptococci and coliform organ- 
isms (table 1). Only 25 per cent of the 
treated Staph. aureus infections and none 
of the Ps. aeruginosa infections were elimi- 
nated. The thirteen infections caused by 
the coliform group included the genera 
Escherichia, Klebsiella, Aerobacter and 
Paracolobactrum. The drug was more ef- 
fective in subclinical infections, especially 
those of Staph. awreus. Totals for all cases 
showed treatment of subclinical infections 
to be 18.2 per cent more effective tnan 
treatment of clinical infections. 

The results of treatment of recently ac- 
quired and long standing subclinical infee- 
tions are compared (table 2) using an arbi- 
trary time of one month to divide the two 
types. With staphylococcal mastitis recent- 
ly acquired infections were successfully 
treated at a rate approximately twice that 
of long standing infections, while with 
streptococcal mastitis treatment had about 
the same efficacy in both types. 

Irritant Properties of Oxytetracycline.— 
The inflammatory response to intramam- 
mary infusion of oxytetracycline ointment 
(table 3) in both normal and infected 
quarters varied. The quarters receiving one 
infusion showed less reaction with the eata- 
lase test than those receiving three, indi- 
cating that the inflammatory reaction of 
the mammary gland may be quantitative. 


TABLE 3—Results of the Examination of Milk Samples from Three Infected and Three Non- 
infected Quarters Using Catalase and Whiteside Tests Before, During, and After Treatment 


with Oxytetracycline 


No. Seven days preced- 


daily ing treatment 


During treatment 


Five days following 
last treatment 


Animal 
(400 and White 
mg.) quarter side 


loses 
Catalase* 


Range Ave. side 


Catalase 
Range Ave. side 


Catalase 
White 
Range Ave. Results 


1 3157 


LF : + 13-17 


2392 
LF 
2643 
RR 
8157 
RR 
2392 
LR 11-17 13.3 


2643 
RF — 6-8 6.7 


Nermal quarter 
Normal quarter 
old cow 

Chronie Str. 
uberis and Staph. 
aureus infection 


Normal quarter 
Chronic infection 
Staph. awreus 
Chronic infection 
Staph. aureus 


*All catalase values expressed as milliliters of free gas. 


815.6 3-12 6.6 
) 6—8 7.0 4—6 5.0 
5-7 6.0 2-4 3.0 
) + 20.0 20.0 + 7-16 10.2 
3 
+ 12-14 13.3 + 10-14 12.6 
+ 12-15 14.0 6-12 9.2 
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Most of the quarters returned to the same 
range of catalase values within five days 
after the last administration. The quarters 
receiving only one treatment became nega- 
tive to the Whiteside test sooner than those 
receiving three. 

Palpations conducted during this experi- 
ment showed that some quarters became 
inflamed so that mild swelling and edema 
could be detected. This was seen only in 
the quarters that showed a marked reaction 
to the laboratory tests. Palpation of other 
quarters showed only a mild sensitivity or 
no change. 

Sensitiwity of Mastitis Organisms to 
Oxytetracycline.—Twenty of 21 strains of 
Staph. aureus and Str. uberis were inhib- 
ited (table 4) for twenty-four hours by 
1.0 pg. per milliliter, or less, of oxytetracy- 
eline. One strain of Staph. aureus was in- 
hibited by 2.0 wg. per milliliter. Generally, 
the staphylococci were only slightly more 
resistant than the streptococci. In most 
instances, a higher concentration of drug 
was required to inhibit the organisms for 
forty-eight hours than for twenty-four 
hours. There is a striking difference in the 
concentrations necessary to kill strains of 


the two organisms, Staph. aureus being re- 


sistant to concentrations of at least 100 
times those which were lethal to Str. uberis. 


DISCUSSION 


Although oxytetracyeline did not prove 
to be as highly effective as might be hoped 
for, it has been shown to be of definite 
value in the treatment of infectious bovine 
mastitis. Local symptoms were relieved in 
all quarters, but when the infective agent 
was not eliminated, symptoms frequently 
reappeared after therapy was discontinued. 
Intramuscular administration of oxytetra- 
eycline was routinely successful in reliev- 


ing the systemic symptoms which accom- 
panied acute mastitis, irrespective of the 
etiological agent. 

There is little published work with which 
to compare the results of this investigation, 
particularly on mastitis caused by Staph. 
aureus and Ps. aeruginosa. Some compari- 
son might be made, however, with the re- 
sults obtained by Simon and Schmidt in 
the treatment of Str. agalactiae mastitis 
with one infusion of oxytetracycline. Their 
results were 23 per cent less favorable than 
those obtained in this work with three treat- 
ments. The in vitro sensitivity of Str. aga- 
lactiae and Str. uberis to oxytetracycline 
is very similar *° and, although Str. uberis 
seems to be more resistant to the lethal 
effect, the better results in this investiga- 
tion might be attributed to the repeated 
doses. 

The rate of recovery in Staph. aureus 
mastitis may be influenced by the relative 
resistance of the organism to the lethal 
effect of oxytetracycline or to the duration 
of the infection in the udder at the time of 
treatment. Both Staph. aureus and Str. 
uberis are inhibited in vitro by approxi- 
mately 1 wg. per milliliter of the antibiotic. 
However, Staph. aureus is far more resis- 
tant to the lethal effect and if the organisms 
must be killed to eliminate infection from 
the mammary gland this refractiveness 
would strongly influence the recovery rate. 
This would indicate that large doses of 
oxytetracycline are necessary to eliminate 
udder staphylococcie infections. No infor- 
mation was obtained as to why the treat- 
ment of recently acquired subelinical 
Staph. aureus mastitis was approximately 
twice as successful as long-standing infec- 
tions but the importance of early treatment 
of mastitis is emphasized. 

Although the number was small, a sig- 
nificant percentage of the cows with coli- 


TABLE 4—Bacteriostatic and Bactericidal Levels of Oxytetracycline in Vitro for 12 Strains 
of Mastitis Staphylococci and 9 Strains of Streptococci 


Bacteriostatic levels 


Bactericidal levels 


Str. uberis 


Staph. aureus 


Str. uberis Staph. aureus 


Concen- 
tration 
in ag./ml. 


24 4x 
(hr.) (hr.) (hr.) 


24 


48 


(hr.) 


24 
(hr.) 


48 
(hr.) 


24 
(hr.) 


48 
(hr.) 


9* 3 1l 
0 5 1 
0 1 0 


* Number of strains. 


|| 
1.0 0 nine 
2.0-—3.0 7 eves 
<10 7 0 0 
10-20 1 1 0 0 
20—100 1 0 1 1 
100-200 0 0 2 2 
> 200 = 0 0 9 
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form mastitis recovered with oxytetracy- 
cline therapy, which concurs with the re- 
port of Tiinsmeyer.*? There were too few 
of them to be considered by their genus. 
Intramuscular ox .etracyeline, used to 
treat coliform mastitis cases which were 
accompanied by systemic symptoms, was 
routinely effective. 

When oxytetracycline therapy relieved 
the local symptoms only temporarily an- 
other drug was used to eliminate the infec- 
tive agent.’ 

The irritation study leaves little doubt 
that infusion of oxytetracycline ointment 
produces a measurable amount of inflam- 
mation. This is contrary to the work of 
Simon and Schmidt.’ Certain clinical ob- 
servations also showed oxytetracycline to 
be irritating. One quarter with a chronic 
staphylococcie infection was treated twice 
with 2-Gm. doses (5 commercial tubes) of 
oxytetracyline infusion ointment twenty- 
four hours apart. At the time of the sec- 
ond treatment the secretion was blood- 
tinged and the quarter was sensitive to 
mild pressure. Twenty-four hours after 
the second treatment, the secretions were 


obviously bloody and the quarter was 
edematous and inflamed. No other therapy 
was used and in a few days the quarter and 
its secretion gradually returned to the same 


condition as before the infusions. The in- 
fection was not eliminated. 

Intramuscular administration of 1 or 2 
Gm. of oxytetracycline usually caused no 
distress to the patient except temporary 
pain at the site of injection. However, an 
undesirable reaction in a 1,000-lb. cow with 
a chronic staphylococcic mastitis in one 
quarter followed two treatments with 400 
mg. in an infusion ointment and 5 Gm. 
intramuscularly. No untoward response 
was noticed in the quarter at any time but 
twenty-four hours following the second 
daily dose, there were marked general 
symptoms of anxiety, restlessness, ano- 
rexia, and weakness; also, a distinct edema 
and soreness at the points of injection. 
Treatment was stopped but the cow did not 
return to normal for approximately five 
days. Gratzl and Jaksch ° described a com- 
parable weakness in horses. 


SUMMARY AND CONCLUSIONS 


1) During treatment of 115 cows with 
controlled clinical cases of bovine mastitis, 


oxytetracycline was found to be effective 
against various etiological agents in the 
following percentages: streptococci, 82.9, 
Staphylococcus aureus, 25.0, coliform or- 
ganisms, 69.2, and Pseudomonas aerugin- 
osa, 0.0. 

2) Nearly all cows with acute cases 
showed clinical improvement during local 
therapy whether or not the treatment was 
successful. 

3) Results were better with subclinical 
than with clinical cases of mastitis. 

4) Results were better in animals with 
recently acquired than with long-standing 
mastitis, especially in mastitis caused by 
Staph. aureus. 

5) Strains of Staph. awreus from cases 
of mastitis were relatively resistant to the 
lethal effect of oxytetracycline, which 
might in part explain the refractiveness of 
these infections to therapy. 

6) Use of oxytetracycline intramuscu- 
larly aided in the relief of systemic symp- 
toms in all animals, irrespective of the etio- 
logical agent. 

7) Oxytetracycline was found to be irri- 
tating in certain instances when ad- 
ministered both intramuscularly and 
intramammarily. 
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Bovine Antibiotic Blood Levels Obtained with Antibiotics 
in Oil Suspensions 


C. J. HOLLISTER, D.V.M.; 
Wm. B. BOUCHER, V.M.D.; 


Philadelphia, 


THE PROLONGATION of antibiotic blood lev- 
els from a single dosage is of particular 
value in veterinary medicine since repeated 
injections may be not only inconvenient 
and uneconomic but also impractical be- 
cause of environmental circumstances. 

The chemistry and pharmacology of a reposi- 
tory form of penicillin, N,N’-dibenzylethylenedia- 
mine dipenicillin G (benzathine penicillin G), was 
described in 1951** and penicillin blood levels 
lasting for two weeks or longer after a single 
intramuscular injection of this compound in human 
beings were reported in 1952.‘ Veterinary litera- 
ture has included information on the duration of 
blood levels produced by a single intramuscular 
injection of this salt in cattle,’ sheep, swine,® dogs,’ 
and turkeys.” In general, comparison of benzathine 
and procaine penicillin G indicates that the peni- 
cillemia produced by benzathine is of a lower level 
but that it is prolonged over a period of many 
days. 

Since all of the reported information on 
benzathine involved its aqueous suspension, 
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this study was undertaken to determine the 
difference in effect, if any, produced by oil 
suspensions. 


MATERIALS AND METHODS 


Blood serum samples from the first group of 10 
normal, adult, milking cattle were examined im- 
mediately prior to injection and found to be nega- 
tive for any bacteriostatic activity. These animals 
were then given a single intramuscular injection 
of 2,000,000 units of benzathine in sesame oil with 
2 per cent aluminum monostearate (volume, 4 ec.). 
Blood samples were withdrawn at the postinjection 
times indicated in table 1 and the serum content 
of penicillin was determined by the microbiolog- 
ical cup-plate method using Sarcina lutea as the 
test organism. The results are listed in table 1. 

After similar preinjection serum examinations, 
a second group of 10 normal, adult, milking cattle 
were given a single intramuscular injection of 
2,000,000 units of benzathine and 2,000,000 units 
of procaine penicillin G in sesame oil with 2 per 
cent aluminum monostearate (volume, 8 ce.). 
Blood samples were withdrawn at the postinjection 
times indicated and the serum content of penicillin 
determined by the microbiological cup-plate 
method using S. lutea as the test organism. The 
results are listed in table 2. 

Additionally, the majority of the reports in the 
literature concerning streptomycin and dihydro- 
streptomycin relate to aqueous suspensions.’ 
Therefore, after the usual preinjection serum ex- 
aminations, a third group of 10 normal, adult, 
milking cattle received 600,000 units of benza- 


TABLE i1—Bovine Blood Serum Levels (Including Milk Levels) After Injections of Dibenzylethylene- 
diamine Dipenicillin G in Sesame Oil with 2 Per Cent Aluminum Monostearate* 


Units of penicillin/ce. of blood serum 


Units of penicil- 


24 
hr. 


48 
hr. 


72 
hr. 


Nor- 1 
mal hr. 


6 
hr. 


96 
hr. 


lin/ec. of milk 
6hr. 72 hr. 


144 216 


hr. 


168 
hr. 


192 
hr. 


120 
hr. 


0.019 
0.108 
0.073 
0.110 
0.0 
0.013 
0.0 
0.0 
0.0 
0.019 


0.024 
0.081 
0.030 
0.019 
0.020 
0.020 
0.020 
0.029 
0.0381 
0.022 


0.0 
0.127 
0.0 
0.0 
0.016 
0.025 
0.0 
0.0 
0.0 
0.0 0.0 


0.017 
0.167 
0.0 
0.0 
0.012 
0.015 
0.0 
0.0 
0.0 


0.024 
0.020 
0.017 
0.024 
0.020 
0.040 
0.030 
0.024 


825 
870 


eoococecoo 


0.026 0.0 

0.045 0.029 
0.045 
0.027 
0.020 
0.032 
0.026 
0.031 
0.033 
0.026 


0.020 
0.020 
0.036 
0.022 
0.016 
0.018 
0.026 
0.020 
0.027 
0.021 


0.016 
0.0 


0.022 
0.0 
0.016 
+ 
0.016 


0.0 

0.023 
0.022 
0.014 
0.0 

0.021 
0.022 
0.018 
0.027 
0.018 


Average 0 0.004 0.004 0.025 0.023 0.022 


0.024 


0.014 0,023 0.010 


* Dibenzylethylenediamine dipenicillin G—500,000 
units (4 cc.). 
+ = Detectable but unmeasurable activity. 


units/ce. ; 


intramuscular injection—single dose of 2,000,000 
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No. (Ib.) || hr 
1 650 | | 0.020 0 0 
2 1,075 pecans 0.0 0 
3 500 0.016 0.015 0 0 
4 825 0.014 + 0 0 
5 825 0.0 0.017 0 0 
6 825 0.0 0.012 0.012 0 0 
° 7 775 0.013 0.012 + i) 0 
8 825 0.0 0.0 0.0 0 0 
9 || 0.015 0.015 0.0 0 0 
10 0.0 0.0 0.0 0 0 
e 0 0 


TABLE 2—Bovine Blood Serum Levels (Including Milk Levels) After Injections of Dibenzylethylene- 
diamine Dipenicillin G and Procaine Penicillin G in Sesame Oil with 2 Per Cent Aluminum 
Monostearate* 


Units of penicillin/cc. of blood serum Units of penicil- 
lin/ec. of milk 


1 6 24 48 72 96 120 f 9% a 
hr. hr. hr. hr. hr. hr. hr. 6hr. 72 hr. 


0.141 0.172 0.053 0.058 0.050 0.032 .023 

0.127 0.167 0.108 0.081 0.045 0.029 .023 

0.181 90.157 0.058 0.053 0.047 0.032 .020 

0.144 0.162 0.052 0.045 0.034 0.021 .019 

0.270 0.142 0.045 0.046 0.030 0.022 O17 

0.157 0.108 0.057 0.058 0.040 0.032 017 

0.177 0.175 0.083 0.081 0.050 0.040 

0.162 0.185 0.066 0.058 0.038 0.032 
0.181 0.180 0.073 0.062 0.048 0.030 .02 . .012 014 0.016 
0.149 0.114 0.070 0.056 0.048 0.030 


Average 0.169 0.156 0.066 90.060 0.043 0.030 0.020 


* Dibenzylethylenediamine dipenicillin G—-250,000 units/cc.; procaine penicillin G—250,000 units/cc.; 
muscular injection—single dose of 4,000,000 units (8 ec.). 


TABLE 3—Bovine Blood Serum Levels (Including Milk Levels) After Injections of Dibenzyl- 

ethylenediamine Dipenicillin G, Procaine Penicillin G, and Streptomycin Sulfate in Sesame Oil 
with 2 Per Cent Aluminum Monostearate* 

Cc Micrograms of streptomycin/cc. of blood serum Micrograms of strepto 

» = mycin/cc. of milk 

wt. Nor- 1 6 2 3 

(Tb.) mal hr 


890 3. 3.800 0.360 
850 800 0.158 
875 500 0.136 
R825 .800 0.350 
900 .660 0.0 
800 100 0.108 
825 380 + 
870 500 0.330 
880 320 0.330 
30 900 290 0.102 
Average 815 2.082 0.012 


to bo 


3. 
3 
1 
3. 
3. 
3. 
). 
). 


* Dibenzylethylenediamine dipenicillin G—50,000 units/cc.; procaine penicillin G—150,000 units/ecc.; 
streptomycin sulfate—250 ug. base/cc.; intramuscular injection—single dose of 2,400,000 units of com 
bined penicillins and 3 Gm. base of streptomycin sulfate (12 cc.). 


+ = Detectable but unmeasurable activity. 


TABLE 4—Bovine Blood Serum Levels (Including Milk Levels) After Injections of Dibenzyl- 
ethylenediamine Dipenicillin G, Procaine Penicillin G, and Streptomycin Sulfate in Sesame Oil 
with 2 Per Cent Aluminum Monostearate* 


Units of penicillin 
ec. of milk 


Units of penicillin/ec. of blood serum 


6 24 48 
hr. hr. hr. 


| 


0.102 0.056 0.026 
0.198 0.016 0.016 
0.170 0.033 0.0 
0.210 0.062 0.148 
0.053 0.013 0.0 
0.160 0.032 0.020 
0.079 0.020 0.0 
0.215 0.365 0.0 
0.180 0.047 0.020 
30 > 0.176 0.039 0.0 
Average “ 0.154 0.068 0.023 


to 


Co 


to 


* Dibenzylethylenediamine dipenicillin G—50,000 units/ce.; procaine penicillin G—150,000 units/cc.; 
streptomycin sulfate—250 ug. base/cc.: intramuscular injection—single dose of 2,400,000 units of com- 
bined penicillins and 3 Gm. base of streptomycin sulfate (12 ec.). 

+ = Detectable but unmeasurable activity. 
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Cow 
Cow wt. Nor- 
No. (lb.) mal 
11 810 0 0.0 0 
12 810 0.0 0 
13 790 60 0.0 0 
14 800 O 0.0 0 
15 1,075 0 0.013 0 
16 880 0 0.0 0 
17 925 0 0.0 0 
18 900 0 0.4 0 
19 850 0 0.014 0 
20 875 0 0.013 0 
9.019 0.001 0.001 0.004 0 
‘ 
0 0 ».018 0 
0 0 0.023 0 
0 0 4 0 
0 0.0 
0 0 0.0 
; 0 0 0.0 0 
0 0 0.0 0 
0 0 0.108 0 
0 u 
0 
0 0 0.017 0 
| | (Ib. ) mal hr hr. hr 6 hr 72 hr 
0.0 0 0.0 0 
0.0 0 0.033 0 
0.0 0 0.019 0 
0.0 0 0.0 0 
. 0.0 0 0.0 0 
0.015 0 0.023 0 
0.0 0 0.017 0 
0.0 0 0.053 0 
0.0 0 0.0 0 
0.0 0 + 0 $ 
0.001 0 0.016 0 
{ 
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thine, 1,800,000 units of procaine penicillin G, and 
3 Gm. of streptomycin base as sulfate (volume, 
12 ee.) (formula not prepared specifically for this 
study). Blood samples were withdrawn at the 
postinjection times indicated and the serum con- 
tent of both penicillin and streptomycin were de- 
termined by the microbiological cup-plate method 
using S. lutea as the test organism for penicillin 
and Bacillus subtilis as the test organism for 
streptomycin. The results are listed in tables 
3 and 4. 


CONCLUSIONS AND SUMMARY 


In each of the above groups of eattle, 
examinations of the milk were made at the 
interval specified in the tables to determine 
the antibiotic concentrations in this secre- 
tion. No significant bacteriological change 
was found in any of the milk samples for 
sixty days after the parenteral injection. 

The many variables involved in a project 
of this type and evaluation by a biological 
assay make definite conclusions difficult. 
However, after a study of the literature, 
consideration of our past experiences, and 
examination of the data presented here, it 
is believed that, in comparison with pre- 
vious reports On aqueous suspensions: 

1) Benzathine in sesame oil with 2 per 
cent aluminum monostearate produces 
much lower penicillin blood levels during 
the first twenty-four hours after injection. 
After this time, the penicillin concentra- 
tions may be slightly higher but they are 
prolonged for six to nine days, the iden- 
tical interval produced by the aqueous 
suspension. Individual variations are not 
unusual. 

2) Benzathine and procaine penicillin G 
in sesame oil with 2 per cent aluminum 
monostearate produce somewhat lower pen- 
icillin blood levels during the first twenty- 
four hours after injection. After this time, 
the penicillin concentrations may be slightly 
higher, with a larger percentage of the test 
animals demonstrating penicillin blood con- 


centration for a longer period but, again, 
the effective duration interval is six days, 
similar to that reported for the aqueous 
suspension. 

3) Streptomycin sulfate administered in 
sesame oil with 2 per cent aluminum mono- 
stearate produces streptomycin blood con- 
centrations of greater duration than do 
aqueous suspensions. Even in slightly 
smaller doses, an effective level. was main- 
tained for twenty-four hours compared 
with twelve to eighteen hours produced by 
aqueous suspensions. 

4) After parenteral administration of 
usual doses, small amounts of penicillin 
and streptomycin excreted in the milk 
showed no direct relationship to the blood 
concentrations. 
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In Vitro Inhibition of Mixed Strains of Cryptococcus 
Neoformans Isolated from Cattle 


JOSEPH SIMON, D.V.M., Ph.D. 


Madison, Wisconsin 


IN A PREVIOUS paper, Simon eft al.’ de- 
scribed an outbreak of bovine cryptococco- 
sis in which approximately 50 of 280 
lactating animals had been affected. Cryp- 
tococcus neoformans was cultured from the 
milk of 10 animals which were clinically 
ill or had elevated temperatures. 


Since treatment of the cryptococcal in- 
fection in the cattle was ineffective, an in 
vitro evaluation of a variety of materials 
with known antimycotic activity was un- 
dertaken. Because of the potential hazard 
of eryptococeal infections in human beings, 
a number of common laboratory disinfec- 
tant solutions was also tested for erypto- 
eoecicidal activity. 


MATERIALS AND METHODS 


The bovine strains of C. neoformans which were 
used as the test organisms were obtained from 
milk or tissue from animals involved in the out- 
break described (Simon et al.,> 1953) as follows: 
531N— isolated from the supramammary lymph 
node of cow 531; 531U—isolated from the milk of 
cow 531; 230—isolated from mammary tissue of 
cow 230; 268D— isolated from the milk of cow 
268; and guinea pig spleen—obtained from a 
guinea pig which had been inoculated intraperi- 
toneally with 0.1 ml. of a saline suspension of 
531N with a light transmission of 67 per cent, 
Coleman nepho-colorimeter 655-my filter. 

Experiment 1,.—Sabouraud’s dextrose-agar 
slopes were streaked with the respective strains of 
C. neoformans from stock cultures and incubated 
at 37 C. for forty-eight hours. Growth was washed 
from the slopes with a sterile saline solution and 
the washings were pooled. The suspension was ad- 
justed to 70 per cent light transmission as deter- 
mined by a Coleman nepho-colorimeter, model 9, 
with a 655-my filter. One tenth milliliter of this 
suspension was inoculated into 19- by 150-mm. 
cuvettes, each of which contained 9 ml. of sterile 
Sabouraud’s dextrose broth. The antibioties tested 
for inhibitory activity against C. neoformans were 

From the Department of Veterinary Science, Univer 
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dissolved in sterile saline and aqueous solutions of 
paraben (n-propyl-p-hydroxybenzoate), metaben 
(methyl p-hydroxybenzoate), and ethyl vanillate 
(ethyl 4-hydroxy-3-methoxy-benzoate) and were 


TABLE 1— Effect of Potassium Penicillin and 

Dihydrostreptomycin on Mixed Suspensions of 

Cryptococcus Neoformans (Percentage of Light 

Transmission Observed at Twenty-four, Forty- 

eight, Seventy-two, and Ninety-six Hours Follow- 
ing Incubation at 37 C.)* 


Light transmission (%) 
at hours: 


Concen- 
tration 


Material (units/ml. ) 24+ 


Control 
Penicillin, 
potassium 


10,000 
5,000 
2,500 
2,000 
1,000 
500 
250 
10,000 
1,000 
500 
100 
50 
10 ides 91 


Dihydro 
streptomycin 


* Subcultures were not made as growth was evident 
grossly in all tubes at ninety-six hours. + Colorimeter was 
not functioning at 24-hour reading. 


sterilized by autoclaving at 15 lb. for twenty min- 
utes. Suitable dilutions were made so that 1 ml. 
added to the broth would give the desired final 
concentration. 


Light-transmission readings were taken at 
twenty-four, forty-eight, seventy-two, and ninety- 
six hours following inoculation. The figures given 
in the tables represent the average of duplicate 
tubes of each material. One tenth milliliter from 
each tube which showed little or no turbidity was 
subcultured on Sabouraud’s dextrose agar to de- 
tect growth. 

Because a limited number of cuvettes was avail- 
able, this report consists of a number of trials. 

Experiment 2.—The strains of C. neoformans 
used in experiment 1 were employed in experiment 
2; however, the inoculum was much heavier, the 
light transmission being approximately 10 per 
eent. One tenth milliliter of this heavy mixed sus- 
pension of C. neoformans was added to 9.9 ml. of 
the test material, thoroughly mixed, and ineubated 
at 37C. Aliquots of 0.1 ml. were removed at fif- 
teen, thirty, sixty, 120, ard 180 minutes and eul- 
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90 84 79 
91 87 
90 86 
85 
87 82 
86 82 
84 81 
85 80 
99 94 
90 R4 
87 84 
88 93 
87 83 
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TABLE 2—Inhibitory Effect of Polymyxin B, Neomycin Sulfate, Terramycin Hydrochloride, 
and Bacitracin on Mixed Suspensions of Cryptococcus Neoformans (Percentage Light Trans- 
mission Observed at Twenty-four, Forty-eight, Seventy-two, and Ninety-six Heurs Following 
Incubation at 37 C.) 


Light transmission (%) at hours: 


Concentration 
Material (units/ml. ) 2 Subculture 


Control +++ 
Polymyxin B 
(aerosporin ) 


Neomycin 
sulfatet 


Terramycin f (too turbid to be read 
hydrochloridet colorimetrically with 
available filter ) 


Bacitracin 74 
93 68 
85 67 


+ 
+ 
+ 
+ 
+ 
+ 
+ 


+ 


* Colorimeter was not functioning at 48-hour reading. + Five tenths of a gram of the respective anti 
biotics was considered equivalent to 500,000 units and all dilutions were made on this basis. 


tured on Sabouraud’s dextrose-agar slopes. The mycin showed only a slight inhibitory 
slopes were incubated at 37C. and examined at effect for mixed suspensions of bovine 


twenty-four, forty-eight, seventy-two, and ninety- strains of C. neoformans (table 1). 
six hours for growth. 


Polymyxin B (aerosporin®) and neomy- 
ResuLts AND Discussion cin sulfate, even when diluted to 25 units 
Experiment 1—High concentrations of per milliliter, were lethal for mixed sus- 
potassium penicillin and dihydrostrepto- pensions of C. neoformans (table 2), while 


TABLE 3—Inhibitory Effect of Paraben, Metaben, Penicillin 0, and Ethyl Vanillate on Mixed 
Suspensions of Cryptococcus Neoformans (Percentage Light Transmission Observed Twenty- 
four, Forty-eight, Seventy-two, and Ninety-six Hours Following Incubation at 37 C.). 


Light transmission (%) at hours: 


Material Concentration/ml. 24 Subculture 


Control 93 g +++ 
Paraben* 2.5 98 
98 
97 
0.312 mg. 98 
0.0156 mg. 97 
Metaben?+ 2.5 mg. 
1.25 meg. 98 
0.625 mg. 98 
0.312 mg. 97 
0.0156 mg. 97 
Penicillin Ot 4,000 wnits 95 
2,000 units 95 
1,000 units 94 
500 units 95 
Ethyl vanillate§ 3.0 mg. 98 
2.5 mg. 99 
2.0 mg. 100 
1.5 mg. 100 
1.0 mg. 100 
0.75 meg. 100 
0.50 mg. 100 
0.25 mg. 100 « +++ 


* 


n-propyl p-hydroxybenzoate; + methyl p-hydroxybenzoate; {furnished through the courtesy of the 
Upjohn Company, Kalamazoo, Mich.; § furnished through the courtesy of the Medical Division of E. R. 
Squibb and Sons, New York, N. Y. 
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125 99 oll 98 96 
100 100 sone 98 98 
50 100 seine 99 98 - 
25 99 ~ 98 98 
500 99 100 100 
250 100 100 100 
125 99 coches 100 98 
100 99 = 99 99 
50 98 queen 99 99 
25 99 cones 99 98 
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Incubation 96 hours 


Incubation 48 hours 


Incubation 24 hours 


JOSEPH SIMON 


Incubation 72 hours 


Time aliquot taken: 


Time aliquot taken: 


Time aliquot taken: 


Time aliquot taken: 


1 N,NaOH 


(aqueous) 
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no inhibition was manifested by terramy- 
cin® hydrochloride or bacitracin. 

Paraben and ethyl vanillate were lethal 
for mixed suspensions of C. neoformans 
(table 3), while metaben exhibited a simi- 
lar activity in concentrations of 1.25 mg. 
per milliliter. A lower concentration was 
somewhat inhibitory. Since paraben and 
metaben are relatively inseluble in water, 
their potential as therapeutic agents might 
be limited. Penicillin O possessed no anti- 
mycotic activity. 

A few animals' were treated unsuccess- 
fully with neomycin sulfate by the intra- 
mammary route. Aerosporin was not used. 
It is believed that the granulomatous reac- 
tion of the mammary gland in bovine ecryp- 
tococcosis presents a physical barrier to 
the activity of therapeutic agents. No sig- 
nificance can be attached to a few empiric 
field therapy trials. 

Experiment 2.—The ecryptococcicidal ef- 
fect of a number of common laboratory 
materials is summarized in table 4. Undi- 
luted commercial roccal® (10 %), 3 per 
eent H,O,, 30 per cent H,O,, 3 per cent 
eresol, 70 per cent ethyl alcohol, 95 per 
cent ethyl alcohol, and 1 normal sodium 
hydroxide (1 N,NaOQH) were eryptococ- 
cicidal when in contact with heavy mixed 
suspensions of C. neoformans. These mate- 
rials should provide adequate laboratory 
disinfection with an exposure period of 
fifteen minutes. 


SUMMARY 

1) Ethyl vanillate (ethyl 4-hydroxy-3- 
methoxy-benzoate), paraben (n-propyl-p- 
hydroxybenzoate), metaben (methyl 
p-hydroxybenzoate), polymyxin B (aero- 
sporin®), and neomycin sulfate were in- 
hibitory for Cryptococcus neoformans in 
vitro. 

2) Ten per cent roccal,® 3 per cent hy- 
drogen peroxide, 30 per cent hydrogen per- 
oxide, 3 per cent cresol, 70 per cent alcohol, 
95 per cent alcohol, and 1 normal, sodium 
hydroxide (1 N,NaOQH) exhibited a eryp- 
tococecicidal effect when in contact with 
mixed suspensions of C. neoformans for 
fifteen minutes. 
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The Enteric Distribution of 5-Hydroxytryptamine (Enteramine, 
Serotonin) in Some Large Domestic Mammals and the 
Appearance of 5-Hydroxytryptamine and the Entero- 
chromaffin Cell System in the Embryonic Calf 


REMO FAUSTINI, D.V.M. 
Milan, Italy 


It HAS BEEN Observed by Erspamer 
that 5-hydroxytryptamine (enteramine, 
serotonin) appears to be the secretion or 
deposit product of the enterochromaffin cell 
system, a peculiar cellular system present 
in vertebrates and in some invertebrate 
groups. 

The cells of the enterochromaffin system 
are characterized by particular histochemi- 
eal properties (chromaffinity, argentaffin- 
ity, ability to couple with diazonium salts, 
fluorescence in Wood’s light, etc.) and by 
their histological fixation with formol and 
formol-containing fixatives. 

So far, 5-hydroxytryptamine (briefly, 
5-HT) has been demonstrated by chemical 
means or, more frequently, by paper chro- 
matography or bio-assay, in the gastroin- 
testinal tract of vertebrates * and ascidians, 
in the skin of amphibians, in the posterior 
salivary glands of octopods, and the hypo- 
branchial body of some purple-producing 
mollusks, as well as in the spleen and blood 
serum of vertebrates. 

According to recent investigations by Amin et al.,’ 
Florey and Florey,“ and Welsh,” certain central 
and peripheral nervous structures of vertebrates 
and invertebrates are also to be listed among the 
biological material containing 5-HT. 

The main pharmacological actions of 5-HT may 
be summarized as follows: 

a) Powerful stimulant action on the atropinized 
estrous uterus of the rat (threshold 1 to 
10°-10°). The sensitivity and the high specificity 
of the response of uterine smooth muscle to 5-HT 
accounts for the preference given to this organ in 
the biological titration of 5-HT. 

b) Stimulant action on the canine urinary blad- 
der, both isolated and in situ. 

c) Remarkable positive inotropic, chronotropic, 
and tonotropic effects on the heart and pulsatile 
arteries of mollusks. 

d) Conspicuous antidiuretic effect in rats; 5-HT 
seems to act on the contractile structures of the 
afferent vascular bed of the glomerulus, causing 
their spasm. 


dose: 


Dr. Faustini is with the Veterinary Department, Re- 
search Laboratories—Farmitalia S. A., Milan, Italy. 


On the basis of his experimental data, Ers- 
pamer * considers 5-HT as a true hormone influ- 
encing the control of intrarenal hemodynamics 
and, as a consequence, the water metabolism of 
the organism. 

The aim of the present investigation is: 

1) To determine the occurrence and dis- 
tribution of 5-HT in the gastrointestinal 
tract of some large domestic mammals. 

2) To investigate the interdependence 
between the first appearance of the entero- 
chromaffin cells in the gastrointestinal 
mucosa of the bovine fetus and the first 
appearance of 5-HT in extracts of fetal 
intestine. 


MATERIALS AND METHODS 


The biological materials (poitions of gastroin- 
testinal tract and spleen tissue) were removed at 
the slaughterhouse immediately after the animals 
were killed. The intestine of adult 
opened, rapidly washed and dried with filter paper, 
then treated, as were the other tissues, with three 
parts (weight/volume) of acetone. After stand- 
ing for twenty-four to forty-eight hours at room 
temperature, the extraets were filtered and the 
solvent evaporated under reduced pressure. The 
remaining aqueous liquid was then brought to the 
desired volume either by further concentration or 
by dilution with saline. The bio-assay of the ex- 


animals was 


tracts was always carried out on the isolated uterus 
of the rat in estrus, using as a standard a solution 
of synthetic 5-HT picrate ‘‘ farmitalia.’’ 

For the differentiation of 5-HT from other pos 
sibly disturbing uterus-stimulant substances, diben- 
amine was routinely used, in doses of 0.1 to 1.0 ug. 
per milliliter of tissue bath fluid. Both Erspamer ° 
and Gaddum and Hameed have shown that this 
drug irreversibly blocks the oxy- 
5-HT, unaffected 


acetylcholine, posterior 


sympatholytic 
tocic action of while leaving 
that of of the 


pituitary substance P, angiotonin, and other bio- 


extracts 
genie substances. 


RESULTS 
The 5-HT content of the different por- 
tions of the gastrointestinal tube is shown 
in table 1. 
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From the tabulated data the following 
conclusions may be drawn: 

1) In ruminants 5-HT is present only 
in the fourth stomach, while absent in the 
others. 

In the horse stomach the presence of the 
substance is doubtful; in that of the pig, 
5-HT is present in detectable amounts. 

2) The entire intestinal tract of all ani- 
mals tested contains remarkable quantities 
of 5-HT. As a rule, the substance is par- 
ticularly abundant at the beginning and 
at the end of the intestinal tube, i.e., in 
the duodenum and in the distal portion 
of the colon. In some eases, viz. the horse 
and the calf, this latter portion may be 
even richer in this substance than the du- 
odenum. With the exception of the calf, 
the intermediate intestine contains smaller 
amounts of 5-HT. 

3) The above data on the distribution of 
5-HT in the intestine of the large domestic 
animals are in agreement with the data re- 
ported for other mammals and are also in 
agreement with the available data on the 
quantitative distribution of the enterochro- 
maffin cells in the mucosa of the different 
intestinal segments. 

The data concerning the appearance and 
content of 5-HT in the intestine of a calf 
during embryonic development are shown 
in table 2. 

Upon histological examination of sections 
of intestinal mucosa stained by the Masson- 
Hamper! method, the first typical entero- 
chromaffin cells may be found as early as 
the fifth or sixth week of intrauterine life. 
The number of cells is extremely small 
and the specific argentaffin granules are 
rather rare. 

During the following weeks both the 
number of cells and their richness in gran- 
ules grows rapidly, attaining a maximum 


around the eleventh to the thirteenth week. 
From this stage on, apparently, the num- 
ber of cells per gram of mucosa remains 
constant. 

Upon examination of the foregoing data, 


TABLE 2—The Appearance and Content of 5-Hy- 
droxytryptamine in the Intestine of a Calf During 
Embryonic Development 


Contents of enteramine free 


base (ag.) per Gm. of tissue 


anim. 


Age of bovine 


fetus (days) Intestine Spleen 


no spleen 
no spleen 
(or traces) 
traces of 
the organ 


trace 
trace 


Upto 30 days 6 
30to 60 


60 to 70 


70to 80 
80to 90 
90 to 100 
100 to 120 
120 to 150 
150 to 180 
180 to 220 


it seems reasonable to make the following 
assumptions: 

1) The appearance of the first entero- 
chromaffin cells coincides with the appear- 
ance of the first traces of 5-HT in extracts 
of the intestinal tissue. 

As the number of the cells increases, fol- 
lowing the embryonic development, there is 
a parallel increase in the 5-HT content of 
the intestinal extracts, and the relationship 
between the number of enterochromaffin 
cells and the 5-HT content in the intestinal 
wall remains constant throughout the en- 
tire intrauterine life. 

2) 5-HT is to be found in the spleen 
immediately after the formation of the or- 
gan, i.e., in the first few milligrams of tis- 
sue sufficient for a bio-assay. 

The relative content of 5-HT in the 
spleen, viz. the content per gram of fresh 
tissue, seems to remain unchanged during 
the entire fetal life. 


TABLE 1—The 5-Hydroxytryptamine Content of the Different Portions of the 
Gastrointestinal Tube 


Content of Enteramine as Free Base (ug./Gm.) 


Stomach 


Intestine 


Animal 
species 


Rumen Reticulum Omasum Abomasum 


Small 
intestine 
(distal) 


Small 
intestine 
(proximal) 


Distal 
colon 


Proximal 
colon 


1.60 
1.20 
3.20 


Adult bull 0 
Calf 
Sheep 


Pig 
Adult horse 
Foal 


1.60 4.90 
3.00 
2.00 


5.10 
3.60 
4.10 


4.00 0. 
0.72 0.32 
0.74 0.4! 


_ 
1 
4 0.35 
9 0.70 3.0 
10 0.72 3.3 
3 0.70 3.3 
9 0.65 3.1 
1 0.70 3.4 
1 0.70 3.6 
3 0.52 3.4 
0.50 ) 0.28 0.53 
? D 0.49 1.00 
> 0.74 0.98 
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Discussion 

It has been determined by Erspamer ** 
that the enterochromaffin cells give, after 
formol fixation, exactly the same color re- 
actions (chromaffin and other oxidation 
reactions, argentaffin reaction, coupling 
reaction with diazonium salts in alkaline 
medium, fluorescence in Wood’s light, ete.) 
as do chromatographic spots of pure 5-HT 
pretreated with formol. 

There exists a strict interdependence be- 
tween the number of enterochromaffin cells 
in the gastrointestinal mucosa and the con- 
tent of 5-HT in this mucosa, throughout 
the entire vertebrate series as shown by a 
number of workers.*:*:*-"**° The intestinal 
mucosa of Teleostei and Cyclostomata, 
which lacks enterochromaffin cells,*:** is also 
lacking in 1? 

The same interdependence holds true for 
the posterior salivary glands of octopods, 
the hypobranchial body of prosobranchiate 
mollusks and the skin of Amphibia: 5-HT 
is present only in those species whose tis- 
sues contain chromaffin cells or a chromaffin 
secretion, as Erspamer points out.'' 

Intestinal argentaffin carcinoids, which 
are tumors of typical enterochromaffin 
cells, may contain very large amounts of 
5-HT (up to 2.5 mg. of 5-HT per Gm. of 
fresh tissue, according to Lembeck **'!*), 
and when carcinoids show diffuse metas- 
tases (Waldenstrém’s “carcinoidosis”), the 
5-HT serum level may raise in man from 
0.1 pg./ml. to 4-6 pg./ml.’® 

The researches reported in this paper 
present further evidence in support of the 
hypothesis that intestinal 5-HT originates 
from the enterochromaffin cells of the gas- 
trointestinal mucosa. The strict interde- 
pendence between the first appearance and 
number of enterochromaffin cells on the 
one hand, and the first appearance and 
abundance of 5-HT in intestinal extracts 
on the other, makes alternate explanations 
difficult. 

Another point to be stressed here is that 
5-HT circulates in the blood from at least 
the tenth to twelfth week. This is demon- 
strated by the presence of the substance in 
the spleen tissue. It seems probable also 
that in early embryonic life the platelets 
are the carriers of blood 5-HT and that 
spleen 5-HT is included in both the intact 
and in the disintegrating platelets. 

The alternate hypothesis that 5-HT may 


be produced in the spleen itself does not 
appear tenable on the basis of the follow- 
ing observations: 

1) Spleen tissue does not yet exist in 
the bovine fetus at the time of the first 
“ppearance of the enterochromaffin cells in 
tie gastrointestinal mucosa and the detec- 
tion of 5-HT in intestinal extracts. 

2) Ascidians (Cyona intestinalis) do not 
contain thrombocytes in their hemolymph, 
nor do they possess any organ analogous to 
spleen ; they show, however, typical entero- 
chromaffin cells in their gastrointestinal 
mucosa, yet both Erspamer* and Lison ** 
have shown that 5-HT can be readily found 
in their intestinal extracts. 

3) Splenectomy in the experimental ani- 
mal (rat) does not alter the number of the 
enterochromaffin cells in the gastrointes- 
tinal mucosa according to Ceriotti,* while 
Bigelow * has determined that splenectomy 
in human beings suffering from thrombo- 
cytopenic diseases restores to normal not 
only the low platelet count but also the 
very low blood 5-HT level. 

4) 5-Hydroxytryptophan, the immediate 
precursor of 5-HT, has not yet been de- 
scribed in spleen tissue, whereas it has 
been found by Udenfriend (cited by Ers- 
pamer'') in extracts of gastric mucosa, 
together with 5-hydroxytryptophan decar- 
boxylase, an enzyme which catalyzes the 
transformation of 5-hydroxytryptophan 
into 5-HT.°® 

SUMMARY 


In the first part of this investigation the 
occurrence and distribution of 5-hydroxy- 
tryptamine (5-HT) in the gastrointestinal 
tract of some large domestic mammals is 
studied. 

The latter experiments reported here 
have established the time of the first ap- 
pearance of the enterochromaffin cells in 
the intestinal mucosa of the bovine fetus 
and the time of the first appearance of 
5-HT in embryonal intestinal extracts. The 
results obtained appear to confirm the the- 
sis that 5-HT is the seeretion or deposit 
product of the enterochromaffin cells and 
demonstrate that the substance circulates 
in fetal blood at least as early as in the 
tenth to twelfth week of intrauterine life. 
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The Course of Infection and Pathogenic Effect of 
Trichostrongylus Axei in Calves 


DAVID J. DORAN, Ph.D. 
Beltsville, Maryland 


Trichostrongylus axei is a common and 
widely distributed nematode parasite of 
ruminants and of the equine species and, 
although its common habitat is the aboma- 
sum of ruminants and the stomach of 
horses, it may on occasion be recovered 
from the small intestine of these hosts. Nu- 
merous case reports have indicated that 
this small hairworm is the primary or con- 
tributory cause of clinical symptoms and 
death losses in sheep and goats. Experi- 
mental proof of the pathogenic effect of T. 
aret in pure or nearly pure infections in 
sheep has been recorded by Gibson ** and 
Turner and Kates;'* a profuse and pro- 
tracted diarrhea and consequent dehydra- 
tion of the host, frequently terminating in 
death, was typically produced. Reports of 
natural heavy infections in cattle, with 
death attributed to this parasite, have been 
made by M’Fadyean,* Baker,’ Taylor,’* 
Stewart and Crofton," Corrie,‘ Schwartz,'° 
and Andrews, Sippel, and Jones.? Since 
experimental proof of its pathogenicity in 
cattle is lacking, the experiment here re- 
ported was performed to determine the ef- 
fects of this parasite on the health of calves 
3 to 6 months old. 


PROCEDURE 

Animals, Housing, and Diet.—Fourteen male, 
Holstein-Friesian ealves, obtained from farms and 
dairies in the vicinity of Beltsville, Md., when less 
than 4 weeks old, were used in this experiment. 
Each calf was placed in a separate concrete-floored 
pen in a barn and was fed milk until about 2 
months old. After weaning, the calves were fed 
U. S. No. 2 alfalfa hay and mixed grain, daily, in 
amounts adequate to insure good weight gains. 
Any uneaten hay or grain was weighed and the 
amount consumed recorded. 

All pens were cleaned daily and washed and 
scrubbed thoroughly with hot water at 48- to 72- 
hour intervals. With the exception of coccidia, all 
calves were parasite-free at the time of infection. 
Ooeysts were detected in the feces of calves 12, 14, 
15, and 18 (control) prior and subsequent to in- 
fection. The estimated number of oocysts recov- 

From the Animal Disease and Parasite Research 
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ered at frequent intervals by flotation varied only 
slightly and, together with the findings at nee 
ropsy, indicated that these calves never had clin 
ically significant cocecidial infections. 

Origin, Culture, Administration, and Dosages of 
Infective Larvae.—The strain of T. axei used was 
originally obtained from cattle in Virginia. It 
was established in lambs by Turner and Kates’ 
and passed through several lambs by these workers 
prior to its transfer to calves. The original larvae, 
fed to the first lamb in the series, were predom 
inantly T. axvei, but a small percentage was Tricho 
strongylus colubriformis. At necropsy, over 99 per 
cent of the worms recovered from this lamb were 
T. axei (personal communication from Turner and 
Kates). Hence, it appeared that larval cultures 
from the aforementioned source were sufficiently 
pure for a satisfactory study of the effect of T. 
arei on calves. Table 1 shows the origin of 
the larvae employed in establishing experimental 
infections. 

Infeetive larvae were obtained from 8- to 11 
day-old charcoal-feces cultures and fed to calves 
from one to three days after isolation from cul- 
tures. After estimating the number of larvae in a 
suspension by the usual dilution method of count 
ing, the desired number was administered by 
means of a long metal pipette. All larvae admin 
istered on a given day were from the same suspen- 
sion. Ten calves were given infective larvae and 
4 were held as controls. 

Because of reports on the number of larvae pro 
ducing fatal infection in lambs, the dosages first 
employed in this experiment were 50,000 and 100, 
000 larvae. Increasing dosages were then tested 
until a pronounced effect on the host was obtained. 
Since it was uncertain whether a particular num 
ber of larvae weuld have more effect if given in a 
single feeding or in multiple feedings, both types 
of administration were tried at various dosage lev 
els. In some cases, after the first feeding had 
proved to have no appreciable effect, further feed 
ings of larvae were given. Multiple doses were 
administered at approximately weekly 
except where otherwise indicated (table 1) 

Clinical and Laboratory Examinations.—For 
two to four weeks before the first administration 
of larvae and throughout the investigation, calves 
were weighed at regular weekly intervals and blood 
samples were obtained for determination of hemo 
globin levels and packed red cell volume per 100 
ec. of blood (hematocrit). Twice weekly the num 
ber of eggs per gram (e.p.g.) in rectally obtained 
feeal samples was determined by the direct cen 
trifuge-flotation (DCF) method using saturated 
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sodium chloride. All calves were observed daily 
for the appearance of clinical symptoms. 

At the beginning of the experiment, fecal con- 
sistency (table 2) was judged visually only and 
the feees were classified as normal, mushy, or 
diarrheic. Later in the experiment, such visual 
classification was supplemented by determinations 
of the percentage of water content. Determina- 
tions were made by placing 4- to 8-Gm. samples of 
fresh rectally obtained feces in shallow glass 
dishes and desiccating them in an oven at 60C. 
for forty-eight hours. This method provides only 
an approximation of the total water in a given 
sample. However, since all samples were treated 
alike, it was considered satisfactory for compara- 
tive purposes. 

Examination at Necropsy.—Test calves which 
did not die were slaughtered when death appeared 
imminent or shortly after the maximum possible 
effect apparently had been produced by their in- 
fections. The method of postmortem examination, 
which was carried out as soon as possible after 
death or slaughter, was the same for all calves. 
The abomasum, small intestine, and large intestine 
were thoroughly washed in water and the entire 
eontents and washings were preserved in formalin 
without screening. The abomasum and upper por- 
tion of the small intestine were examined for evi- 
dence of macroscopic lesions and tissue specimens 
were preserved for sectioning and microscopic 
study. 

Numbers of worms recovered in each case were 
estimated from the number in a minimum of 3 ali- 
quots of each standard-volume suspension of the 
abomasum and intestinal contents and washings. 
To estimate the proportion of each species of 
Trichostrongylus and possible contaminants in the 
various infections, the abomasum material was 
completely examined for large worms, like Hae- 
monchus, and all male worms in the aliquots of the 
abomasum material from all calves and those of 
the intestinal material from calves 13, 28, and 31 


were identified. 


RESULTS 


Parasitological Data—Egg Counts.— 
Eggs were first found in the feces (table 1) 
as early as nineteen days (calf 31) and as 
late as thirty days (calf 16) after the first 
administration of infective larvae. No clear 
relationship between the length of the pre- 
patent period (interval between infection 
and first appearance of eggs in feces) and 
the number of larvae administered was evi- 
dent. The length of the patent period was 
not determined in any case. The longest 
interval between a single feeding of larvae 
or between a final feeding in a series and 
necropsy was eighty-three days (calf 10) ; 
at that time, a patent infection was still 
present. 

The maximum egg count for calves that 
received single doses varied from 516 e.p.g. 
(calf 9, initially fed 50,000 larvae) to 1,458 
e.p.g. (ealf 19, fed 1,000,000 larvae). Al- 
though the maximum count (1,067 e.p.g.) 
for calf 10, fed 100,000 larvae, was nearly 
twice as great as that for calf 9, the peak 
count for the calves that received single 
doses was not proportional to the number 
of larvae administered. In both single and 
multiple infections, the peak egg count di- 
vided by the number of larvae adminis- 
tered gave a series of quotients which 
tended to decline with increased dosage. 
From such comparisons as can be made, 
namely between calves 13 and 15 and be- 
tween calves 19 and 21, it appeared that 
where approximately a like total number of 
larvae were administered in a single dose 
versus multiple feedings, the single admin- 
istration resulted in a higher egg count. 


TABLE 2—Effect of Trichostrongylus Axei Infections on Fecal Consistency 


Appearance* or water content of feces 


Period (days) in which ab 
normal feces were passed 
and frequency of passaget 


Calf 
No Before infection 


10 Normal 

Normal 

11 (Control) 

16 -1 (74.7 to 81.5) 
13 5.8 (71.0 to 78.8) 
15 -7 (74.3 to 82.3) 79.0 (77.0 to 83.0) 
12 .1 (74.0 to 79.9) 79.0 (71.0 to 83.0) 
18 (Control) 78.0 (75.0 to 82.1) 

91.5 (81.0 to 95.0) 

21 , 2.9 75.5 85.3 (79.0 to 89.0) 
2 78.4 (71.0 to 82.4) 
28 78.5 (77.0 to 79.5) 82.4 (79.3 to 87.9) 
31 76.4 (74.1 to 78.0) 94.8 (91.0 to 99.5) 
82 (Control) 77.3 (75.8 to 82.0) 


After initial 
infectiont 


Normal 
Normal 
Normal 
79.7 (74.0 to 85.6) 
79.0 (75.0 to 82.2) 


8 Al to slaughter (continual). 
19 AI to slaughter (continual). 
22 (Control) 
12 Al to slaughter (intermittent—36 of 47 days) 
1 Al to death (continual). 


>90 per cent = diarrheic. t The 


* Appearance: <84 per cent = normal; 84 to 90 per cent = mushy; 
feces of calves 9 and 12 were normal at all times following reinfection. t AI — after infection: AP 
beginning of patency. 


after 
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The time of maximum egg count varied 
from seventeen to thirty-three days after 
the beginning of patency and did not ap- 
pear to be related to the number of larvae 
initially fed. There was, however, a ten- 
dency for the peak to appear earlier when 
a single dose of larvae was administered. 

Worms Recovered.—Since no two test 
calves were examined at the same interval 
after initial infection, only limited com- 
parisons are possible as to the percentage 
of development obtained at differenct lev- 
els of exposure to infection. In calves that 
received a single feeding of larvae, there 
was evidence that the percentage of devel- 
opment was lower at the higher levels of 
dosage. The worms recovered from calf 10, 
eighty-three days after infection, repre- 
sented 30 per cent of the 100,000 larvae 
administered, whereas those recovered 
from calves 13, 28, 19, and 31, which re- 
ceived progressively more larvae and were 
slaughtered between forty-eight and fifty- 
nine days after infection, represented 27.8, 
15.9, 13.9, and 8.6 per cent, respectively, of 
the larvae given. Four of the 10 calves re- 
ceiving larvae had relatively small num- 
bers (14,000 to 30,000) of worms, but the 
other 6 had enough (112,000 to 170,000) to 
permit classifying their worm loads as 


425 
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—-—- CALF 9 
——— CALF 10 


EXPERIMENT ) 


WEIGHT IN POUNDS 


**moderate to heavy’’ in view of reports as 
to the size of naturally acquired infections. 
Purity of Infections—All of the male 
worms found, their number varying from 
36 to 523, in the aliquots from the aboma- 
sum contents from 7 of the calves were T. 
axei. Two of 62 males from calf 9, 1 of 545 
from calf 13, and 1 of 458 from ealf 31 
were T. colubriformis. If the conventional 
assumption of a 50:50 sex ratio for both 
species is made, these findings indicate that 
3.2, 0.2, and 0.2 per cent, respectively, of 
the Trichostrongylus from the stomachs of 
these calves were TJ. colubriformis. The 
presence of this species in the stomach is 
rather unusual and may have been due to 
migration after death of the host. 

If the assumption were arbitrarily made 
that all of the Trichostrongylus recovered 
from the intestines (table 1) of all calves 
were T. colubriformis and the aforemen- 
tioned percentages of abomasum contami- 
nation by this species in 3 of them also is 
taken into account, the purity of the var- 
ious infections for 7. axei would be 80 per 
cent in calf 15 and would range from a 
minimum of 90.7 per cent (calf 31) to a 
maximum of approximately 99 per cent 
(calves 10 and 19) in the remaining 9. 
However, examination of small numbers of 
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Graph 1—Weight change in calves 9, 10, and 11. 
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males from the small and large intestines 
of calves 13, 28, and 31 showed that only 
30, 74, and 61 per cent of them, respec- 
tively, were actually 7. colubriformis, thus 
indicating, for example, that 94.3 rather 
than 90.7 per cent of all Trichostrongylus 
recovered from calf 31 were 7’. axei. Calves 
15, 16, 19, and 21 received larvae of simi- 
lar origin (table 1) and the finding of pro- 
portionately more worms in the intestines 
of calf 15 probably does not mean that as 
many as 20 per cent of the worms recov- 
ered from it were 7. colubriformis. While 
calf 28 harbored 106 Haemonchus contor- 
tus, none was recovered from any of the 
other test calves and no species not thus 
far mentioned was recorded. This rela- 
tively slight degree of contamination thus 
appears insufficient to have materially af- 
fected the clinical effects observed in this 
experiment. 

Effects of Infection—Blood Levels.— 
There was no significant difference between 
the packed red cell volume per 100 cc. of 
blood (hematocrit) and hemoglobin levels 
of infected calves and their controls. No 
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other determinations the blood 
made. 

Weight Changes, Morbidity, and Mortal- 
ity —Calves 9 and 10 (graph 1) and calves 
12, 13, 15, and 16 (graph 2), which re- 
ceived less than 750,000 larvae (table 1), 
gained we'ght at approximately the same 
rate as their respective controls. During 
the intervals between the time of initial in- 
fection and slaughter, calves 9 and 10 
gained an average of 8.6 and 9.4 lb. per 
week, respectively, whereas calf 11 (con- 
trol) gained 10 lb. per week from the time 
that calves 9 and 10 were infected until the 
time calf 10 was slaughtered. Unfortu- 
nately, at that time it was necessary to in- 
fect calf 11 for use in later work and, con- 
sequently, calf 9 lacked a control for the 
last ninety-nine days before slaughter. The 
average weight gains for calves 12, 13, 15, 
and 16 were 7.9, 8.1, 7.7, and 10.2 lb. per 
week, respectively, whereas the control 
(calf 18) gained 8.6 lb. per week from the 
time calf 15 was initially infected until the 
control was also infected for use in a later 
experiment. The average weight change 
per week in calves 12 and 21 (1,000,000 
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Graph 2—Weight change in calves 12, 13, 15, 16, and 18. 
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larvae in single and multiple doses, respee- 
tively) and calves 28 and 31 (single doses 
of 750,000 and 1,500,000 larvae respec- 
tively), however, was entirely different 
from that in calves given smaller doses. 

From the time of infection to slaughter, 
ealf 19 (graph 3) lost 57 lb. (average, 7 Ib. 
per week) and calf 21 lost 17 lb. (average, 
1.8 lb. per week), whereas the control calf 
gained 147 and 102 lb. (average, 18.4 and 
10.5 lb. per week, respectively) during the 
corresponding periods. Calf 28 (graph 4) 
gained only 30 lb. (average, 3.5 lb. per 
week) and calf 31 lost 46 lb. (average, 7.4 
lb. per week), whereas their control gained 
72 and 57 lb. (average, 8.7 and 8 lb. per 
week, respectively) during corresponding 
intervals. The 4 calves given 750,000 or 
more larvae became emaciated, listless, and 
weak; these conditions were least pro- 
nounced in calf 28 and most pronounced in 
ealves 19 and 31. Calf 19 was slaughtered 
in extremis and calf 31 died forty-nine 
days after infection. 

Feed Consumption.—None of the 6 
calves (No. 9, 10, 12, 13, 15, and 16) that 
received 678,000 larvae or less (table 1) 
was ever off feed or in poor condition. Six 
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pounds of hay was rejected by calf 13 
during the third week of its infection and 
occasionally 1 or 2 lb., mostly course stub- 
ble, was rejected by others; however, these 
small amounts were not considered signifi- 
cant. Calves 19, 21, 28, and 31, all of which 
received 750,000 or more larvae, were defi- 
nitely off feed. Calves 31, 28, and 19 first 
rejected alfalfa three, seven, and sixteen 
days, respectively, after infection; how- 
ever, calf 21 did not reject alfalfa until 
four days after the infection became pat- 
ent. During the interval between infection 
and slaughter, the over-all amount rejected 
by calves 19, 21, and 28 was less than 14 
per cent ; however, calf 31 rejected 64.4 per 
cent of the alfalfa provided. The amount 
rejected by calves 28 and 21 did not in- 
crease appreciably from week to week, but 
the amount rejected by calves 19 and 31 
gradually increased until 65.3 and 91.8 per 
cent, respectively, was rejected during the 
week preceding necropsy. 

Consistency of Feces—The water con- 
tent (table 2) in the feces of calves given 
less than 750,000 iarvae increased slightly 
at various intervals following administra- 
tion of larvae. However, with the excep- 
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Graph 3—Weight change in calves 19, 21, and 22. 
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tion of calf 16, the feces were never fluid 
enough to be designated as mushy. The 
feces of this calf were intermittently 
mushy between the tenth and seventeenth 
days after the beginning of patency. Eight 
days after administration of larvae, the 
feces of calf 19 became mushy and contin- 
ued so for seventeen days. Its feces were 
then diarrheic until slaughter. At one 
time, forty-six days after infection, the 
water content reached 95 per cent. The 
feces of calf 31 were diarrheic from the 
first day after infection until death, at 
which time the water content was 99.5 per 
eent. The feces of calves 28 and 31, al- 
though either intermittently or continu- 
ally mushy, respectively, never became 
diarrheic. 

Gross Pathology.—Gross pathological 
changes were observed in the abomasums 
of all infected calves, except calf 9. This 
calf, however, was slaughtered nearly six 
months after initial infection and appar- 
ently had time to recover from the effects 
of infection. 

Lesions about 1 or 2 em. in diameter, 
similar to the ‘‘ringworm-like’’ lesions ob- 
served in the stomachs of horses by Roth 
and Christensen,® were found irregularly 
distributed over the entire mucosal surface 
of the abomasum of calves given doses to- 
taling 750,000 larvae or less. Although 
these lesions were always estimated to be 
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less than 150 in number, they were most 
prevalent in calves 13, 21, and 28; less 
prevalent in calves 15 and 16; and least 
prevalent in calf 12. Hence, their fre- 
quency tended to be roughly correlated 
with the number of larvae administered 
and to the elapsed time between infection 
and slaughter. The lesions in the aboma- 
sum of calf 21, however, were nearly twice 
the size of those present in the abomasums 
of calves 19 and 31. 

The mucosa of the abomasums of calves 
given 750,000 larvae or more appeared 
greatly inflamed ; however, the intensity of 
the inflammation was most pronounced in 
calves 19 and 31. The reddish purple color 
was usually uniform over the entire sur- 
face of the abomasum, but in calf 21 it was 
mostly confined to the folds of the aboma- 
sum and diffuse petechial hemorrhages 
were visible over the relatively normal 
areas of the mucosa. The first foot of the 
small intestine of calf 21 also showed a 
slight inflammation. 

In calves 19 and 21, the entire surface of 
the abomasum was covered with a layer of 
thick mucus. The mucosa beneath it was 
roughly granular and somewhat corru- 
gated or wrinkled. No mucus was observed 
in calf 31; however, the mucosa was gran- 
ular and corrugated, the mesentery showed 
gelatinous infiltration, and the mesenteric 
lymph nodes were enlarged. 
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Graph 4—Weight change in calves 28, 31, and 32. 
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Histopathology.—No changes were 


found in the small intestine. Sections from 
the abosamums of all infected calves, ex- 
cept calf 9, showed sloughing of the super- 


Fig. 1—Section through the mucosa of the aboma- 
sum of calf 19 showing (a) hyperemia and (b) 
lymphocytic infiltration. 


ficial epithelium (fig. 2) which was most 
pronounced and extensive in calves 12, 19, 
and 31. In sections showing desquamation, 
masses of cellular debris were frequently 
seen on the surface of the remaining in- 
tact mucosa. In ealf 19, a few adult nema- 
todes were found embedded in the mucosa 
(fig. 2), but none was found in sections ex- 
amined from other calves. In calf 21, the 
tunica propria was markedly edematous. 
Edema was also present in calves 13 and 
16 but to a lesser extent. Hyperemia of 
the mucosa in calf 21 was slight, whereas 
in calves 15 and 28 it was moderate, and 
in calves 12, 19, and 31 (fig. 1) it was ex- 
tensive and was accompanied by a moder- 
ate (calf 12) to extensive (calf 31) amount 
of lymphocytic infiltration. 


DiIscUSSION AND CONCLUSIONS 


Egg counts are frequently used as an 
index of the intensity of helminth infec- 
tions. The 2 calves that were re-exposed to 
infection after the egg count from initial 
infection had subsided showed evidence of 
having developed resistance to reinfection. 
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Calf 9 was passing 220 e.p.g. at the time it 
was reinfected. During the thirty-nine 
days between re-exposure and slaughter, 
the count never rose above 220 e.p.g. and 
had decreased to 70 e.p.g. at the time of 
slaughter. When calf 12 was re-exposed to 
infection the egg count was 566 e.p.g. The 
counts for this ealf likewise never rose 
above the level at the time of re-exposure 
and had decreased to 104 e.p.g. at the time 
of necropsy forty-seven days later. As 
shown in table 1, the maximum egg counts 
following initial infection with single doses 
were reached between forty and fifty days 
after infection. If calves 9 and 12 had not 
been resistant, it would be expected that 
the egg counts would have risen to 
levels higher than those at the time of 
re-exposure. 

Retarded growth rate, weakness, lack of 
appetite, and watery feces were evident 
when calves were originally infected by 


A 

Fig. 2—Section through the mucosa of the aboma- 

sum of calf 19 showing a cross section of an adult 

worm (arrow) which had penetrated the mucosa 
with sloughing of the adjacent tissue. 
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single or multiple doses of larvae between 
750,000 and 1,500,000 in number. Under 
the conditions of this experiment, it ap- 
peared that 750,000 larvae were necessary 
to produce clinical symptoms in 3- to 6- 
month old calves. Since calf 31 died forty- 
nine days after infection and calf 19 was 
in extremis after fifty-nine days, it is quite 
probable that the minimum dose necessary 
to produce death is close to 1,000,000 lar- 
vae. Doses of less than 750,000 larvae did, 
however, produce pathological changes in 
the abomasum; the intensity varying 
roughly with the number of larvae admin- 
istered. Calves 12 and 13, although they 
received smaller larval dosages and showed 
no clinical effects, had worm loads compar- 
able to the 4 calves that showed symptoms. 
From the information available in the 
present report and that of Turner and 
Kates,** it appears that it is necessary to 
administer much larger numbers of 7. axrei 
larvae to calves than to lambs in order to 
produce comparable clinical effects. Tur- 
ner and Kates produced a fatal case of T. 
axet infection in lambs by administering 
50,000 larvae. Gibson’ reported weight 
loss followed by death of 3 of 6 lambs fed 


100,000 larvae in daily doses of 4,000 each, 
when the animals were on a low plane of 


nutrition. It is also of interest that An- 
drews,' who worked mainly with 7. colub- 
riformis found minimum doses of 78,000 
and 115,000 larvae fatal to a kid and a 
lamb, respectively. 


SUMMARY 


When 10 Holstein-Friesian calves, 3 to 6 
months old, were each given from 50,000 
to 1,500,000 Trichostrongylus larvae (95% 
estimated to be Trichostrongylus axei), the 
results were as follows: 

1) The prepatent period for 7. axei in 
single and multiple infections was nineteen 
to thirty days. The maximum egg count 
was usually observed twenty-six to thirty 
days after patency and in one instance as 
early as seventeen days. 

2) Resistance to heavy reinfective doses, 


four to five months after their egg counts 
from initial infection had subsided, was 
shown by 2 calves. 

3) Loss of weight, weakness, loss of ap- 
petite, and watery feces were evident when 
calves were initially given single or multi- 
ple doses of 750,000 or more larvae. A calf 
given 1,000,000 larvae was in extremis at 
fifty-nine days and 1 that received 1,500,- 
000 larvae died forty-nine days after in- 
fection. Although not producing clinical 
symptoms, exposure to less than 750,000 
larvae produced gross pathological changes 
in the abomasum, namely ‘‘ringworm-like’’ 
lesions, inflammation, and corrugation of 
the musoca of the abomasum; also histo- 
pathological changes, such as sloughing of 
the epithelium, hyperemia, and lympho- 
eytic infiltration. These changes varied 
roughly with the number of larvae 
administered. 
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A Sampling Tube for Rumen Fluid 


R. E. NICHOLS, D.V.M., Ph.D., D.V.Sc. 


Madison, Wisconsin 


THE SAMPLING tube (fig. 1) has solved the 
problem of obtaining portions of rumen 
fluid from different areas of the paunch 
without admixture with material from ad- 
jacent areas during the act of sampling. 
The tube (aluminum) with the larger 
diameter is placed over the tube (stainless 
steel) with the smaller diameter and ro- 
tated until the slots near the lower end of 
the tubes are opposite to each other, thus 
closing the opening. The tubes then are in- 
serted into the paunch through a fistula 
and directed to the area from which a sam- 
ple is to be removed. Once there, the tubes 
are rotated until the slots coincide, allow- 
ing rumen fluid to enter the inner tube. 


From the Department of Veterinary Science, paper 
No. NS 167. Published with the approval of the director 


of the Wisconsin Agricultural Experiment Station. 


The tubes again are rotated to close the 
opening, are removed trom the paunch, 
and are inverted to allow the liquid to be 
poured through the upper opening into the 
container used to hold the sample. 

The diameter of either tube can be any 
reasonable figure, provided its mate is a 
loose but watertight fit. Both tubes have 
aluminum plugs in the lower ends and are 
open at the top. The length of the tubes is 
not critical nor is the position of the slots. 
The outer tube in the illustration is about 
21% feet long and about 114 inches in out- 
side diameter. The inner tube is 6 inches 
longer. Although not necessary, file marks 
at the top of the shorter tube and on the 
exposed side of the longer tube assist in 
indicating slot positions. 


Fig. 1—Sampling tube used for obtaining rumen fluid from different areas of the paunch 
without admixture of material from adjacent areas. 
Fig. 2—Closeup of slots of the outer (right) and inner tubes. 
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Physiological Studies of the Vagal Nerve Supply to the Bovine 
Stomach. |. Comparison of Responses in Milk-Fed and 
Roughage-Fed Calves, Using a Chronic Intrathoracic 
Vagal Electrode Technique 


H. E. DZIUK, D.V.M., M.S., AND A. F. SELLERS, V.M.D., Ph.D. 


St. Paul, Minnesota 


ACUTE BLOAT, a common digestive disorder 
of ruminants sometimes occurring after the 
ingestion of legume plants, has in recent 
years drawn the attention of an increasing 
number of people who raise and eare for 
livestock. The variety of theories in regard 
to the cause of the condition, and the treat- 
ments recommended, indicate a lack of basic 
knowledge about the condition.'’:* The ex- 
periments here recorded were conducted in 
an attempt to find new methods of study for 
and to add to the basic knowledge of the 
physiology of the bovine stomach. 


METHODS 


Seventeen dairy-type male calves were used for 
the experiment. Fourteen of the calves were started 
on the experiment at birth, the remaining 3 at 2 
to 3 months of age. Six of the calves were fed an 
ordinary ration consisting of hay, ground corn and 
oats, and whole milk. Nine of the calves were kept 
on wire screen and were fed only whole milk with 
a vitamin and mineral supplement. Two calves 
were started on the milk-only ration, then changed 
over to the milk, hay, and grain ration along with 
rumen inoculations from adult cows via stomach 
tube, during the course of the studies. This dif- 
ference in feeding regime was adopted in view of 
the work of others showing marked differences in 
rumen development when so fed.** 

Thoracotomy was performed on all ealves for 
the purpose of applying vagal electrodes, as de- 
scribed below. Following recovery from surgery, 
spontaneous and electrically stimulated gastric mo- 
tility patterns were studied in the unanesthetized 
state by simultaneous fluoroscopy and intraruminal 
pressure recording via a modified Brody-Quigley 
tube. *" A comparison was made between the re- 
sponse to vagal nerve stimulation of the rumens 

From the Division of Veterinary Physiology and Phar- 
macology, School of Veterinary Medicine, University of 
Minnesota, St. Paul. Approved for publication as scien- 
tific journal series paper No. 3316, Minnesota Agricul- 
tural Experiment Station. 

Based on a thesis submitted by the senior author to the 
Graduate School, University of Minnesota, in partial ful- 
fillment of the requirements for the degree of Master of 
Science. 

The authors acknowledge the assistance and suggestions 
given during the course of the work by Dr. Werner Koella, 
Department of Neurophysiology, The Medical School, Uni- 
versity of Minnesota 


calves. 


of the milk-fed and of the 
Pressure changes in the anterior ventral sae of 


roughage-fed 


the rumen were measured and reecrded by means 
of an unbonded strain-gauge transducer * and di 


Fig. 1— Vagal electrode. Pure silver wires and 

large-bore polyethylene shield at lower left. 

Plastic-coated copper wire at upper right. Trans- 

parent insulation material at exposed portions of 
wires is colorless fingernail polish. 


** The electrodes were made 


rect-writing recorder. 
of pure silver wire (18 gauge) soldered to plastic 
coated copper wire (fig. 1). 

For surgery, the calves were anesthetized with 
intravenous pentobarbital The incision 
(18-20 em. in length) was made between ribs 7 
and 8 on the left side. The diaphragmatic lobe 
of the left lung was reflected anteriorly and the 
left mediastinal pleura was broken to apply the 
electrodes on the dorsal and ventral vagal nerve 
trunks.""” The point of application was 3-6 em. 
anterior to the diaphragm (fig. 2). Artificial res 
piration was provided by use of a continuous in 
tratracheal flow of pure oxygen from a large tank, 
using a polyetheylene catheter.t The free ends of 
the electrode wires were brought out of the thorax 
between ribs 7 and 8 and anchored in the subcutis. 

Qne month after thoracotomy, motility studies 
including nerve stimulations were tried, using an 


sodium. 


* Model P-23-A, The Statham Laboratories, In« 
Rey, Puerto Rico. 

** Model 60, The Sanborn Co., Cambridge, Mass 

+P E 280, Clay-Adams Co., Inc., New York, N. Y 
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electronic square wave stimulator.{ The recording 
tube inside a radiopaque horse catheter was passed 
through the nose into the ventral sae of the rumen. 
The position of the recording tube was determined 
by fluoroscopy. Motility studies were made on 
trained calves at approximately one-month inter- 
vals. An average of three trials was made on each 
ealf. The calves were trained by repeatedly lead- 
ing them with halters, placing them in the experi- 
mental stocks for several hours at a time after 
passing nasal catheters to the stomach. Postmor- 
tem examinations were later performed on each 
ealf and sections for histological study were made 
of the vagal nerve trunks anterior to, inside of, 
and posterior to, the point of application of the 
electrodes, using Holmes’ silver technique™ and 
Crossmon’s trichrome technique." 


RESULTS 


Eleven of the 17 calves made complete 
recoveries from the thoracotomy and were 
used for stimulation trials. These were 
divided as follows: on milk only from 
birth—5 calves; on roughage plus milk 
from birth—4 calves; and on milk from 


t Model 751, American Electronics Laboratories, Inc., 
Philadelphia, Pa. 


birth to 60 days of age, then on rough- 
age—2 calves. The fates of the remaining 
6 calves, not used for experimental trials, 
were as follows: death during or shortly 
following surgery—3 calves; pneumonia— 
2 calves; and destroyed because of chronic 
arthritis—1 calf. 

Simultaneous fluoroscopic and manomet- 
ric observations indicated that spontaneous 
rumen motility of the roughage-fed calf, 
in general, was more regular and contrac- 
tions were stronger than in the rumen of 
the milk-fed calf. Recorded amplitude of 
contractions increased as roughage-fed 
calves grew older; rumen motility in the 
milk-fed calf showed little change with age 
over the period studied (birth to 90 days 
of age). At times, milk-fed calves ap- 
peared to show no spontaneous motility of 
the rumen. 

Electrical stimulation, using 10 to 35 
volts, with a pulse frequency of 20 cycles 
per second, 0.5 millisecond duration of 
pulse, produced characteristic changes in 
the motility of the rumen of both milk-fed 


Fig. 2—Lateral view of electrode placement areas exposed at necropsy. Reflected diaphragmatic 

lobe of left lung at left. Sectioned diaphragm at right. Esophagus at center between dorsal 

vagal trunk (DV) and ventral vagal trunk (VV). Dorsal (a) and ventral (b) vagal electrodes 
at center. 
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and roughage-fed calves. In general, stim- 
ulation increased the rate of contraction 
of the ventral rumen sac in both categories 
of cal-es. In some cases, the amplitude of 
contraction was increased by stimulation; 
in other cases, it was decreased. Duration 
of the contraction of the ventral sac dur- 
ing stimulation varied. Stimulation with 
higher voltages (40-60 volts) was acecom- 
panied by evidence of reticular and ru- 
minal spasms. 

Milk-fed calves showed contractions of 
the ventral sae having amplitudes up to 
5 mm. of mercury pressure; roughage-fed 
calves, up to 25 mm. of mercury pressure. 
Changing the diet of 2 calves from milk to 


roughage gradually changed spontaneous 
and stimulated motility patterns from 
those characteristic of the milk-fed group 
to those characteristic of the roughage-fed 
group. The lag for full development of 
roughage-fed motility appeared to be ap- 
proximately sixty days (table 1). 

Calves in which electrode wires were 
intact (16 to 101 days after operation) 
showed, upon stimulation, no external signs 
of feeling or being distressed by the stimuli 
used. The breaking of an electrode, on the 
other hand, was evidenced by skeletal mus- 
cular twitching, particularly of the left 
thoracic region, when the stimulator was 
turned on. Signs of apprehension (switch- 


TABLE 1—Summary of Trials of Spontaneous and Stimulated Motility Patterns of the Ventral 
Rumen Sac of Milk-Fed and Roughage-Fed Calves 


Type of Contraction * 


II Ii! 


Calf Age 
(No.) (days) Diet 


Dur., Rate/ Dur., Rate/ Dur., Rate, 
min. sec. min, 


No. of 
trials 


Type 


trial sec. Remarks 


1.0 
1.7 Increased rate 
0.6 acne 
0.5 hie aie Increased rate 


0.6 


1007 153-178 


Roughage 3 Spon. 
Stim 
Spon. 
Stim 
Spon. 
Stim. 


1061 115-123 Roughage 2 


1088 


Roughage 


Increased rate and 


im bo} 


amplitude 
1093 Spon. 


Stim. 


Roughage 
Increased rate 


1062 Milk Spon 


Stim. Increased rate, 


irregular pattern 


Milk Spon. 


Stim. Increased rate, 


irregular pattern 


Milk Spon. 


Stim. Increased rate, 


irregular pattern 


Milk Spon. 


Stim. Increased rate, 


irregular pattern 


Milk Spon. 


Stim. Increased rate, 


irregular pattern 


Spon. 
Stim. 


1091 
Increased rate and 


amplitude, irregular 
pattern 
Spon. 
Stim. 


Roughage 
Increased rate and 


amplitude 


Spon. 5. 0.3 
increased 


Roughage 

Stim. res broken. 

Stim. 3.0 tte Increased rate, 
irregular pattern 

Spontaneous motility 
increased 


1092 Milk 


Roughage Spon. 
Stim. 


Spon. Spontaneous motility 


increased 
Increased rate and 
amplitude 


Roughage 


Stim. 


*Averages only. Records of stimulation of dorsal vagal trunk, ventral vagal trunk, and both trunks simultane 


ously included in average figures. 


* Type I—1-—5 mm. of mercury pressure ITI—11—20 mm.; IV—21-—30 mm. 


mm.; 
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ing tail, kicking at sides, swinging head) 
were also seen at this time. Calves were 
not used for the present studies unless free 
of these signs. The position and condition 
of the electrodes was in all cases investi- 
gated at necropsy. 

Results of trials uncomplicated by ap- 
prehension, fatigue, or electrode breakage 
are summarized in table 1. In the interest 
of clarity, only averages of rates and dura- 
tions of the various wave types in the in- 
dividual animals are included in table 1; 
also, records of stimulation of dorsal va- 
gal trunk, ventral vagal trunk, and both 
trunks simultaneously, are included in the 
average figures, since obvious differences 
in the results of these procedures were not 
observed. 

The recorded pressure waves were ¢lassi- 
fied arbitrarily as follows: 

Type II 

Type III: 
Type IV: 

Each period of ‘‘stimulated motility”’ 
the table has a corresponding period 


5 mm. of mereury pressure 
6-10 mm. of mercury pressur 
11-20 mm. of mereury pressure 
21-30 mm. of mereury pressure 
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‘‘spontaneous motility’’ recorded immedi- 
ately preceding the ‘‘stimulated motility’’ 
period in each trial. Periods of stimulation 
varied from five to ten minutes. 

Graphs 1 to 3 are photographs of records 
selected from calves on the several experi- 
mental diets. These were consid- 
ered characteristic for each Each 
record represents a five-minute period; 
each large division on the horizontal axis 
corresponds to ten seconds. The lines 
marked 0 and 40 indicate the calibration 
of the instrument at 40 mm. of mercury 
pressure. The calibration is such that each 
large division on the vertical axis is equiv- 
alent to 5 mm. of mercury pressure. The 
base line pressure of each record of ven- 
tral sac motility represents the approxi- 
mate depth of rumen fluid above the tip 
of the recording tube. Both dorsal and 
ventral vagal trunks were stimulated simul- 
taneously in these records. 

Graph 1 shows a comparison of spontane- 
ous ventral sac motility patterns between 
a milk-fed calf (1091) and a roughage-fed 
calf (1093). Calf 1093 was 50 days of age 


records 


group. 


Graph 1—Compar‘son of spontaneous ventral sac motility patterns. Calif 1093 (top) roughage- 
fed, 50 days of age; calf 1091 (bottom) milk-fed, 57 days of age. Note greater amplitude of 
rumen contractions in roughage-fed calf. 


Horizontal axis, 1 large division 


10 seconds; vertical axis, 1 large division 


5 mm. of 


mercury pressure. 
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and calf 1091 was 57 days of age at this 
time. The smallest waves on the record of 
calf 1091 (approximately 0.5 second dura- 
tion) were due to heart beats, as deter- 
mined by auscultation. The next larger 
waves (approximately 4 seconds duration) 
were due to respiratory movements, as de- 
termined from inspection of simultaneous 
pheumograph records (not shown). The 
largest waves (6—8 seconds duration) were 
due to ventral sac contractions and con- 
firmed fluoroscopically. 

Graph 2 shows a comparison between 
spontaneous and stimulated ventral sac mo- 
tility patterns in roughage-fed calf 1088 at 
62 days of age. A similar comparison, in 
milk-fed calf 1091 at 57 days of age, is 
shown in graph 3. 

The number of times each calf could be 
used for stimulation studies was limited by 
breakdown of the electrodes. The causes for 
breakdown of the wires appeared to be: 
movement of the scapula over the dorsal 
vagal electrode wires as they protruded 
from the thorax, bending of the wires 
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during respiratory movements, stretching 
forces on the wires with thoracic growth, 
and corrosion of the copper wires, espe- 
cially near the soldered junctions. 

Histologically, tissue reaction to electrode 
placement appeared mild. Inflammatory 
cells were numerous at the point of elec- 
trode application in only 1 calf (1062). In 
all of the other calves, normal-appearing, 
loose, areolar connective tissue surrounded 
the nerve trunks. 


DISCUSSION 


The electrodes used in these studies ap- 
peared to be nonirritating to tissue and 
seemed desirable from that standpoint. 
However, plastic-coated copper wire was 
not suitable because it was too fragile and 
broke easily. In later studies, applying the 
technique to the study of eructation in 
adult cattle, continuous silver wire was 
used.'® Melted polyethylene plastic served 
to insulate exposed portions. 

Eleven of the 17 calves made complete 
recoveries from surgery. Three of the 6 


Graph 2—Comparison of stimulated ventral sac motility patterns. Calf 1088, roughage-fed, 62 
days of age. Spontaneous motility, above; stimulated motility, below. Compare with graph 3, 
stimulated ventral sac motility patterns of milk-fed calf. 


Stimulus used: 20 cycles per second, 0.5 millisecond pulse duration, 35 volts. 
10 seconds; vertical axis, 1 large division 


1 large division 


Horizontal axis, 
5 mm. of mercury pressure. 
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Graph 3—Comparison of stimulated ventral sac motility patterns. Calf 1091, milk-fed, 57 days 
of age. Spontaneous motility, above; stimulated motility, below. Compare with graph 2, stim- 
ulated ventral sac motility patterns of roughage-fed calf. 

Stimulus used: 20 cycles per second, 0.5 millisecond pulse duration, 35 volts. Horizontal axis, 


1 large division 


calves not recovering died as a direct re- 
sult of the surgical procedure. The per- 
centage of recovery appeared to be reason- 
ably good for a chronic preparation of this 
sort. 

The greater amplitude and regularity of 
both the spontaneous and the stimulated 
contractions of the ventral sac in the 
roughage-fed calves seem to indicate that 
the presence of roughage in the forestom- 
achs serves as a stimulus for promoting 
greater rumen motility as well as for pro- 
moting anatomical development. 

The intact axis cylinders observed in 
Holmes-stained nerve sections and the lack 
of excessive connective tissue reaction or 
other inflammatory change observed in tri- 
chrome-stained sections were evidence that 
electrode placement did not interfere mark- 
edly with normal nerve structure. 


SUMMARY 


Thoracotomies were performed on 17 
dairy-type calves for the purpose of apply- 


10 seconds; vertical axis, 1 large division 


5 mm. of mercury pressure. 


ing permanent intrathoracic electrodes to 
the dorsal and ventral vagal nerve trunks. 
Spontaneous and electrically stimulated 
rumen motility patterns, in unanesthetized 
animals, were studied by fluoroscopy and 
by intraruminal pressure recording via a 


modified Brody-Quigley-type tube. Pres- 
sure changes were measured and recorded 
using an unbonded strain-gauge transducer 
and direct-writing recorder. 

Spontaneous and stimulated gastric mo- 
tility patterns for the milk-fed and rough- 
age-fed calves were characteristic for each 
group. Spontaneous motility of the rumen 
of the roughage-fed calves was more regu- 
lar and contractions were stronger than in 
the milk-fed calves. Response of the ru- 
mens of the roughage-fed calves to vagal 
stimulation was more marked than that of 
the milk-fed calves. 

‘xamination of stained histological sec- 
tions of vagal nerve trunks of the experi- 
mental calves indicated that the electrodes 
were not markedly irritating to tissue and 
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that electrode placement did not alter nor- 
mal nerve structure. 
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Blood Phosphorus, Calcium, and Vitamin A in Range Sheep 


HADLEIGH MARSH, D.V.M., AND KARL F. SWINGLE, Ph.D. 


Bozeman, Montana 


IN connection with a project of the De- 
partment of Animal Industry and Range 
Management of the Montana Agricultural 
Experiment Station on the protein require- 
ment of ewes wintered under range con- 
ditions, the Montana Veterinary Research 
Laboratory has had the opportunity to ob- 
tain some information on the phosphorus, 
calcium, and vitamin-A levels in the blood 
plasma of range ewes. 


DESCRIPTION OF THE RANGE 


The following deserivtion of t 
which the ewes involved in this experiment were 
wintered is supplied through the kindness of Mr. 
G. F. Payne of the Department of Animal Indus 
try and Range Management. 

This winter range, known as the Chadbourne 
Sheep Range, is located in south-central Montana 
in the eastern foothills of the Rocky Mountains. 
It is typical of the drier foothills of southwestern 
and south-central Montana. It is an area of light 
snows and considerable wind. As a result, the veg 
etation with snow. The combi 
nation of wind and below-freezing temperatures, 


he range upon 


is seldom covered 
however, sometimes has a strong influence on the 
grazing habits of the animals. 

Bluebunceh 
(Pursh 
cristata (L. 


wheatgrass ( Agropyron spicatu m 
Seribn. and Smith), Junegrass (Koeleria 
(Poa 


, heedle-and-thread (Stipa comata), 


Pers), sandberg bluegrass 
secunda Presl. 
(Agropyron smithii) are 


and western wheatgrass 


most common. There are a» number of minor spe 
among which 


Willd. 
en forage throughout the winter. 


fringed (Artemisia 


is important 


cies, sagewort 


frigida because it provides 


some gre 
from the Montana Veteri 
(Montana Experiment Station 
Agricultural 


Paper 349, series, 
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and Livestock Sanitary Board cooperating), 
Experiment Station, Montana State College, Bozeman 
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An index of the use-value of the various plant 
species has been developed, which indicates the 
plants providing the major portion of the feed of 
the sheep. This is indicated in table 1. 

TABLE i—Index Figures Showing the Relative 
Volumes (in per cent) of Plants Consumed by 
Sheep * 


1950-1951 1951-1952 1952-1953 


Species 


Agropyron spicatum 100 
Koeleria cristata 5 
Stipa comata 

Agropyron smithii 

Poa secunda 

Artemisia frigida 


sample) (volume) (Cana 


cent 


(per cent frequency in 
dian density index) (per 
sumption index.™ 
Figures in this table 
converted to relative consumption values on a percentage 
basis. The heaviest given a 
rating of 100 per cent 
* Utilization on Artemisia frigida was not determined 


utilization ) base con 


show base consumption indexes 


used species are arbitrarily 


in these years. 


The 
mined twice 


the plants was deter 
in the winter of 1952-1953, and the 
content determined three 
four times the following winter, 


carotene content of 


phosphorus was times 
that winter and 
1953-1954. The values obtained 


minations are presented in table 2. 


from these deter 


EXPERIMENTAL PROCEDURE 


In this experiment, 800 to 1,100 range ewes were 
used each winter for five years. They were grazed 


on the one band throughout the 
During the period between breeding and lambing, 
into several lots each morning for 


pellet 


range 4s year. 


they were cut 
feeding of supplementary 

The lots samples 
taken were designated as 0, 1, 2, 4, 5, and 6. Lot 
no supplement. l, 2, 4, and 6 
of protein in pellet form, 


coneentrates in 


form. from which blood were 


0 received Lots 
received varying amounts 
but the phosphorus, calcium, and vitamin A were 


approximately equalized in the various concen 


wintered on the range but 


alfalfa 


trates. Lot 5 was not 


was fed mixed hay and and a_ protein 


TABLE 2—Carotene and Phosphorus Content of Forage Samples from the Chadbourne Sheep 


Carotene 


Species 
igropyron spicatum 
Stipa comata 0.06 
Koeleria cristata 0.06 
Poa secunda 
irtemisia frigida 2 0.13 
Chrysothamnus sp 


_Range 


Phosphorus (% 


Mar 
1954 
0.06 
0.05 
0.05 
0.06 
0.04 


69 43 
100 100 
25 18 
19 64 
7 
(ug./Gm 
Dex Feb Dec Jan Feb Dec Jan Feb 
1953 1953 1953 1954 1954 
0.05 0.04 0.04 0.05 103 ; 
0.05 0.04 0.06 0.06 
0.06 0.05 0.10 0.12 0.04 
0.09 0.18 0.06 
0.14 0.15 0.11 0.13 0.09 { 
0.11 0.13 
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TABLE 3—Means of Plasma Phosphorus, Calcium, and Vitamin A for All Sheep Sampled 


Phosphorus 
(mg./100 ml.) 


Mean 


No. of 
samples Range 


6 3.3-6.2 
3.1—5 


orn o 


to to 


4 
4 
4 
4 
3 
3 


“ww 


11—53 

3-29-54 

Total 
Standard deviations 


concentrate. 


ple 


Blood samples were taken from sam- 
groups of ewes in each lot at the beginning 
and end of the winter feeding period, late in De 
cember and late in March. The lots sampled were 
0, 1, and 4 in the spring of 1950; 0, 1, 4, and 5 
in 1950-1951; 0, 1, 4, 5, and 6 in 1951-1952; 0, 1, 
1952-53 0, 1, 2, 5, and 6 in 
1954. The blood analyses were started in the 
spring of 1950 and were continued through the 
winters of 1950-1951, 1951-1952, 1952-1953, and 
1953-1954. In 1953, blood samples were taken also 
on July 2, just before going to the summer range, 
and on October 9, when the sheep were on fall 
range. 
The number 
usually 10, 


5, and 6 in ; and 


of 
but 


each lot 
was 9 or 11. 


in 
it 


sheep sampled was 
in some instances 


TABLE 4—Annual Variation in Plasma Phosphorus, 


on Each Date 


Vitamin A 
x./100 ml.) 


Calcium 
Mean Range 


10.4 
9 


orf 


to 


sampled at each bleed 
ing was 30 in 1949-1950, 36 in 1950-1951, 49 in 
1951-1952, 50 in 1952-1953, and 1953-1954. 
The total number of samples analyzed was 517, 
but the number of different sheep used was 144. 
which taken 
were in the sample groups for two to four seasons. 

Blood taken from the 
50-ml. centrifuge tubes, using 
an anticoagulant. 

Phosphorus and calcium were determined on 8 
per cent trichloroacetic acid filtrates of the citrated 
blood plasma. The phosphorus was determined by 
of the method of Fiske and Sub 
barow,' in which 2,4-diaminophenol is substituted 
naphthol-4-sulfonie acid as the reduc 


The total number of ewes 


50 in 


Many of the sheep from blood was 


vein into 


citrate 


jugular 
sodium 


was 


as 


a modification 


for l-amino 


Calcium, and Vitamin A, Based on 


December Sampling, before Dividing into Winter Feeding Groups 


Phosphorus 


No. of img 100 ml 


samples ean Range 


4 


Means for 
all samples 
Standard deviations 


Vitamin A 
(ug./100 ml.) 


Calcium 
mg./100 ml.) 


an Range Mean Range 
28 17—36 
2: 22-30 

2 
3 


12 
11 
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Date 
4—1—50 95 7.7 
° 
3 1 4.0—6.3 2.9 7.3 9.8 12—36 
l 5 19 2 2.8-—5.3 7.2-—10.2 16-39 
49 8 2.9—5.0 9.1 7.6—-10.6 20—39 
11 5 50 a4 2.2—5.1 8.3 6.8 9.2 25-49 
12 5 29 1.8 2.8—4.8 8.3 6.8—10.0 24-46 
5 50 1.1 3.0—7.2 8.5 7.0— 9.6 12—48 
7—2—53 416 5.4 3.5-6.9 8.9 7.5-10.3 19-39 
10—9-—53 41 4.0 2.7-—5.4 10.3 8.7—-11.8 27-49 
1.6 3.2—5.5 10.6 8.9--12.4 22-46 
b2 4.4 2.7-6.5 9.0 7.8-10.3 17-53 
7 4.3 2.2-—7.2 9.2 6.8—-12.9 12-53 
0.9 1.0 7.3 

| 

Year Lot Me 

1950 0 9 16 3.6—5.9 1! 

l 9 3.9 3.1-5.0 9 

4 4.1 $.6—4.7 10 

9 4.4 3.6--5.6 10 
16 4.2 3.1-5.9 10.5 8.1-—12.9 28 17-37 
1951 0 9 4.0 3.2-4.9 8.9 7.8-— 9.8 30 16-34 
1 10 4.3 $.3-5.0 8.6 9.8 17-39 
4 10 1.6 3.9—5.: 9.0 8.1—10.0 17-39 
5 10 2.8—4.6 8.7 7.2 9.6 25-38 
6 10 4.7 3.8-—5.3 9.1 8.0—10.2 22-37 
19 4.2 2.8—5.3 8.9 7.2-—10.2 16—39 
1952 0 10 B—5.1 8.4 7.8— 9.1 $2 27-38 
1 10 3—4.6 8.2 6.8 12 1 25-44 
10 1.9 8.3 7.4 9.2 24-40 
5 10 2-—4.7 8.1 7.2— 9.0 24—49 
6 10 3.6 1—4.6 7.8 9.1 33 2R-46 
50 3.4 2.2—5.1 8.3 6.8 2 32 14—4) 

1953 0 11 4.9 3.85.5 10.4 9.4-12.0 32 22--37 
10 4.7 4.0—5.3 10.7 8.9-12.1 27-46 
9 4.6 3.8-—5.2 10.8 9.4-—12.4 32 25-38 
11 4.2 3.2—5.2 10.5 9.7-—11.7 27—38 
6 1.6 3.9—5.1 10.6 8.3-—-11.5 25-37 
50 41.6 }.2-—5.5 10.6 8.3-—-12.4 32 22—4¢ 
185 4.1 2.2-5.9 9.6 7.2-12.9 16—49 
0.8 1.3 5.5 
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ing agent. Calcium was determined, after precipi- 
tation as the oxalate and washing, by the colori- 
metric permanganate method of De Loureiro and 
Janz.’ A standard solution containing 10 mg. of 
ealeium and 5 mg. of phosphorus per 100 ml. was 
earried through the complete procedure with each 
group of blood samples. This served as a control 
on reagent and procedural variability. 

Vitamin A was determined by mixing 10.0 ml. 
of plasma with 10.0 ml. of ethanol, adding 15.6 
ml. of n-hexane, shaking twenty minutes in the 
dark, evaporating a 10.0-ml. aliquot of the hexane 
to dryness in vacuo, dissolving the residue in 1.0 
ml. of chloroform, and measuring the color within 
five seconds after adding 9.0 ml. of the Carr-Price 
antimony trichloride reagent.’ The Carr-Price re- 
agent was standardized against the Vitamin A 
Reference Standard of the ‘‘Pharmacopeia of the 
United States.’’ 

RESULTS 

Table 3 shows the average plasma phos- 
phorus, calcium, and vitamin A for all the 
sheep sampled, on each of the 12 dates 
when blood was taken, between April 1, 
1950 and Mar. 29, 1954. The range of indi- 
vidual variations is also shown for each 
date. 

Table 4 shows the averages for each lot 


for the December sampling for each of 
the four years and the annual averages 
for the December samplings of all lots. 
At the time of the December bleeding, 
all the sheep had been treated alike since 
about April 1 of the preceding spring. 
Except for some supplementary feed dur- 
ing lambing, they had been grazing on the 
range during the whole period. 

Table 5 shows a similar tabulation of the 
data obtained from all the samples taken 
in March, at the end of the differential 
feeding of protein supplements. 

Table 6 shows the seasonal variation in 
plasma phosphorus, calcium, and vitamin 
A, as indicated by the analysis of blood 
samples from a lot of 50 sheep taken on 
Nov. 22, 1952; Mar. 17, 1953; July 2, 1953; 
and Oct. 9, 1953. 

Phosphorus.—Reference to table 3 will 
show that the phosphorus averages for the 
12 samplings vary from 3.4 mg. to 5.4 mg. 
per 100 ml. of plasma with an average for 
the total of 517 samples of 4.3 mg./100 ml. 
and a standard deviation of 0.9. The ex- 
treme range of individual samples is 2.2 
to 7.2 mg./100 ml. 


TABLE 5—Annual Variation in Plasma Phosphorus, Calcium, and Vitamin A, Based on 
March Sampling, at the Close of the Winter Feeding Period — 


Phosphorus 


(mg./100 ml.) 
No. of 


Vitamin A 
100 ml.) 


Calcium 
(mg./100 ml.) (ug 


samples Mean Range 


Mean Range Mean Range 


10 
10 
10 


8 9.2—-10.4 
9.2 8.3— 9.8 
6 8.8-10.0 


8.3-10. 
8.8-— 9. 
7.3— 9.6 
8.6— 9. 
8.5-— 9 


8.0-— 9. 
7.6— 
9.0-10.6 


Wit wet 


Deas) 


w& 


>t 


wwe 


to 


Means for 
all samples 
Standard deviations 


— 
Year Lot 
1950 0 4.2 3.3-5.9 20 14-25 
é 1 4.8 3.4—6.1 22 17-31 
4 4.7 3.8-5.4 21 9-31 
30 4.6 3-5.6 9.5 21 9-31 
1951 0 8 5.0 2-6. 9.2 19 13-26 
1 9 5.1 0-6. 8.8 12—26 
4 9 5.1 0-6 9.2 3 17-36 
5 x 4.4 0-6 9.2 7 19-34 
34 49 0-6. 97 12-36 
1952 0 10 3.6 2—4. 9.0 20-33 
1 10 3.9 9-5.0 8.9 20-36 
4 9 3.7 .2-4 9.5 23-32 
5 10 3.9 .6—4 9.1 8.0— 9.8 | 21-38 
6 10 3.7 2-4 9.1 8.6— 9.6 22-39 
49 3.8 2.9-5.0 9.1 7.6-10.6 20-39 
1953 0 10 0 3.1-—4.6 8.3 7.5-— 9.4 14-27 
1 10 6 3.8-—7.2 8.3 7.0— 9.4 12-28 
2 10 5 3.0—4.5 8.6 7.9-— 9.6 17-28 
5 10 0 3.3-—4.9 9.0 8.1— 9.4 27—45 
6 10 2 3.5-5.1 8.5 7.5-— 8.9 17—35 
50 1 3.0-—7.2 8.5 7.0— 9.6 | 12—48 

1954 0 11 3.8-5.5 8.6 8.2— 9.1 19-27 
1 10 9 4.0-6.5 9.1 7.8-— 9.9 19-30 
2 9 2 $.1—5.1 9.4 8.4-—10.3 17-28 
5 10 vi 2.7—4.7 8.9 8.2— 9.5 32-53 

6 6 4.0—5.2 9.5 8.6-10.3 19-31 : 
48 4 2.7-6.5 9.1 7.8-10.3 27 17-53 

0.8 0.65 6.8 
4 
4 
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As shown in table 4, the average phos- 
phorus level for the 185 samples taken in 
December, before the several protein sup- 
plement lots were set up, was 4.1 mg./100 
ml., with a standard deviation of 0.8, and 
an individual range of 2.2 mg. to 5.9 mg./ 
100 ml. This table also shows the yearly 
averages which, for 1950 and 1951, were 
the same as for the whole period. The 
average for 1952 was considerably below 
the general average, while for 1953 it was 
above the general average. 

The average phosphorus level for the 
total of 211 samples taken in March was 
4.3 mg./100 ml., which was the same as 
the general average for all samples over 
the whole period and only 0.1 mg. higher 
than the December average. This indicates 
that the protein supplements fed to the 
majority of the sheep did not materially 
increase the blood phosphorus. This is con- 
firmed by comparing the averages of the 
different lots for all the March samplings. 
Lot 0, which received no supplement, shows 
an average of 4.3 mg., which is higher than 
three of the supplemented lots. 

Because of the seasonal variation in 
blood phosphorus, it is difficult to estab- 
lish a ‘‘normal.’’ The mean of 4.3 for all 
the samples reported here is somewhat 
below a value representing all seasons 
equally, as only one of the 12 sampling 


dates was in the early summer season when 
the blood phosphorus of range sheep is at 
its peak. The average for the 46 sheep bled 
in July was 5.4, with a range of 3.5 to 6.9. 
The only published report on the blood 
phosphorus of range sheep in the United 
States is that of Beeson, Terrill, and Bolin.* 
They determined the blood phosphorus of 
40 range ewes at the U. S. Sheep Experi- 
ment Station at Dubois, Idaho, taking sam- 
ples at five periods during each year for 
four years. The averages for the samplings 
of these ewes varied from 3.81 to 6.16, with 
a general average for all samplings of 5.09. 
The period of the highest general average 
in their ewes was when the sheep were fed 
concentrate on winter range, while in the 
Montana work, the sheep fed concentrate 
did not in general show higher blood phos- 
phorus than those receiving no concentrate. 

Unpublished data® from Dr. W. T. 
Hardy, superintendent of the Ranch Ex- 
periment Station at Sonora, Texas, involv- 
ing bleod samples taken monthly from four 
groups of 24 sheep each, grazing on the 
Edwards Plateau, in the years 1938-1941, 
gave an average serum phosphorus value 
of 3.6 mg./100 ml. This is somewhat lower 
than our corresponding average of 4.3 mg. 
100 ml. Whether or not the Edwards Pla- 
teau is an area deficient in phosphorus was 
not stated. 


TABLE 6—Seasonal Variation in Plasma Phosphorus, Calcium, and Vitamin A 


Phosphorus 


(mg./10€ ml.) 
No. of 


Vitamin A 
(ug./100 ml.) 


Calcium 
(mg./100 ml.) 


samples Mean Range 


Mean Range 


10 3.6 
10 3.3 
10 3.4 
10 3.é 
10 


ae 


a 


& 
= 


32 
31 
382 


50 


10 


mem 


T 


bs 


a 


vu tle 


10-9-53 


eee 


— | | 
Date Lot Mean Range 
11-22-52 0 b 2. 8.4 7.8— 9.1 27-38 
1 ; 2. 8.2 6.8— 9.2 25-44 
2 2 8.3 7.4— 9.2 24—40 
5 2. 8.1 7.2— 9.0 34 24-49 
6 5 2. 8.3 6.8— 9.1 33 28—46 
2 l 8.3 8-— 9.2 32 24-49 
3-17-53 0 || 3 6 8.3 5 9.4 21 14-27 4 
1 10 3 2 8.3 O— 9.4 19 12-28 
2 10 3.4 5 8.6 5— 9.6 22 17-28 
5 10 3 9 9.0 i— 9.5 34 27—48 
6 10 3 1 8.5 2— 8.9 25 17-35 
50 3.0-7.2 8.5 9.6 24 12—48 
7-2-53 0 8 4.4—6.6 9.0 3— 9.8 26 22-33 
1 10 5.3 4.4—6.7 8.7 8.1 9.8 24 20-29 
2 10 5.8 3.5-8.3 9.0 8.1—-10.1 25 19-31 
5 10 5.3 4.1-—6.0 9.2 8.3-—10.0 28 19-39 
6 7 5.3 4.0—7.6 8.7 8.6—10.3 26 23-30 
46 4 3.5-8.3 8.9 8.1-10.3 26 19—39 
0 6 0 2.9-—4.5 10.3 9.3-—11.4 39 31-46 
1 9 2.7-6.2 10.1 9.6-10.9 29-49 
2 l 3.3-5.0 10.1 8.7—10.8 37 27-49 
5 10 0 3.0-5.4 10.5 9.6—-11.4 40 32—48 
6 0 3.6—5.4 10.4 9.0—-11.8 
41 0 2.7-—6.2 10.3 8.7-11.8 38 27-49 
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Determinations of blood phosphorus have 
been made for sheep on native range in 
Australia and South Africa. Watson," in 
South Australia, reported averages for 
sheep on pasture varying from 4.1 to 4.7, 
while averages of three small groups of 
sheep on arid range varied from 3.1 to 4.8. 
In South Africa, Bekker and Rossouw ‘ re- 
ported that a blood phosphorus level of 
6.5 mg./100 ml. is normal for sheep. They 
reported an average of 3.6 for 79 sheep 
three weeks after coming off a range low 
in phosphorus and an average of 2.4 for 
5 sheep on a low-phosphorus range. Du 
Toit, Malan, and Rossouw* reported an 
average of 6.5 for 10 sheep on an experi- 
mental ration corresponding to grass con- 
taining 0.5 per cent P,O,, and 3.8 for 10 
sheep on a ration containing 0.25 per cent 
P,O,. Bekker made monthly determina- 
tions for nine months on 24 sheep on a 
pasture low in phosphorus, and obtained 
averages varying from 3.6 to 6.1, with a 
mean of 4.4. 

Calcium.—As shown in table 3, the cal- 
cium averages for the 12 bleeding dates 
vary from 8.3 mg./100 ml. to 10.6 mg./100 
ml., with a general average for the 517 
samples of 9.2, a standard deviation of 1.0, 
and an individual range of 6.8 to 12.9. The 
data in table 4 show that the December 
samplings in 1950 and 1953 were definitely 
higher than in 1951 and 1952, and that the 
average of all the 185 December samples 
was higher than that of the March samples. 
The average for the 211 March samples 
(table 5) was 9.0, with only slight devi- 
ation from this average among the yearly 
means. As was true for phosphorus, the 
supplemental feeding did not increase the 
blood calcium. There was no significant 
difference among the lots in the lot aver- 
ages for all the March samplings and, as 


shown in table 5, there was no significant 
difference among years. The seasonal pie- 
ture for the year 1952-1953 (table 6) shows 
a relatively low value for Nov. 22, 1952, 
with slight increases in March and July, 
1953, and marked increase in October 1953. 

We have been unable to find in the lit- 
erature any information on the normal 
plasma calcium for sheep on native range. 
However, in a personal communication,° 
Hardy reports a mean serum calcium of 
sheep on the Edwards Plateau in Texas of 
12.9 mg./100 ml. This value is well above 
our corresponding one of 9.2. The expla- 
nation of this difference is not evident 
from the information available. In our 
experience, except for extreme calcium de- 
privation, plasma calcium levels are not 
influenced by the calcium content of the 
feed. The Montana sheep were grazed on a 
caleareous soil and so should not have been 
deficient in calcium. 

Vitamin A.—As shown in table 3, the 
means of the vitamin A levels for each of 
the 12 sampling dates varied from 21 to 38 

g./100 ml., while the mean of all samples 
was 29 pg./100 ml., with a standard devi- 
ation of 7.3, and a range of 12 to 53 yg. 
100 ml. Table 4 shows that the mean for 
all December samplings was 31 pg./100 ml., 
with a standard deviation of 5.5 and a 
range of 16 to 49 yg./100 ml. This table 
also shows that the means for the four 
years show no significant difference, rang- 
ing from 28 to 32. There is no significant 
difference among lot means. The mean of 
all the March samplings was slightly lower 
than the December mean, being 24 »g./100 
ml. The only significant differences among 
lots were in the consistently higher vita- 
min-A level for lot 5, which was wintered 
on hay, and a slightly higher mean for 


TABLE 7—Condensed Comparison of Means for All Samples of All Lots, December, March, 
and July Samples of All Lots, and Lot O Samples 


Phosphorus 
(mg./100 ml.) 


Mean 


No. of 

Date Lot samples 
All lots 517 
Lot 0 111 
All lots 185 
Lot 0 39 
All lots 211 
Lot 0 49 
Lot 5 38 
July All lots 46 
Lot 0 ~ 


All dates 3 
December 


March 


AL 


Vitamin A 
100 ml.) 


Calcium 
(mg./100 ml.) 


Mean s.d 


s.d.—Standard deviation. 


1 
422 

s.d Mean s.d 
0.9 = 1.0 29 7.3 

0.8 9.3 1.0 27 10.7 

. 

0.8 9.5 1.3 $1 5.5 

0.8 9.7 1.2 31 3.7 
3 0.8 9.0 0.65 24 6.8 y 
2 0.7 9.0 0.7 22 4.9 a 
0 0.6 9.3 0.5 33 7.1 ea 

4 1.0 8.9 0.6 26 3.7 
5.5 0.8 9.0 0.5 26 3.9 
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lot 6, which received dehydrated alfalfa 
pellets. 

Two reports by Peirce,'*:"' in Australia, 
on blood vitamin A in sheep on pasture 
agree quite closely with our findings. He 
obtained an average of 25 yg./100 ml. in 
18 sheep on dry pasture, with a range of 
18-37. In a second article, he reported the 
results of 29 determinations on 8 sheep 
throughout the year. The mean was 32 
pg./100 ml., with an individual range of 
24 to 48. We have not found other reports 
of vitamin-A determinations for ewes run 
under conditions similar to those under 
which our range sheep are handled. Pope, 
Phillips, and Bohstedt '* report averages 
for 18 ewes on pasture in summer and dry 
lot in winter. For 16 determinations be- 
tween one month before lambing and 13 
weeks after lambing, the averages varied 
from 37 to 48 »g./100 ml., with an indi- 
vidual range of 17 to 72. Weir, Pope, Phil- 
lips, and Bohstedt ** report averages for 9 
ewes on alfalfa hay and grain varying in 
seven samplings from 24 to 39 »g./100 ml. 
Colby, Cunha, and Warwick “ report av- 
erages for 44 ewes on hay in dry lots vary- 
ing from 20 to 26 pg./100 ml. 


DISCUSSION 


Although the sheep which were the 
source of the data reported here were in 
an experiment which involved several nu- 
tritional treatments during the winter 
months, it is considered that the findings 
as to plasma phosphorus, calcium, and vita- 
min A may be taken as a basis for “normal” 
levels under range conditions in the moun- 
tain areas of south-central Montana. Ref- 
erence to table 7 will show that the means 
for all samples in al! the lots were almost 
identical with the means for all samples 
from lot 0, which consisted of ewes run on 
the range throughout the year, with no 
supplement. The same is true of the De- 
cember samplings as a group, the March 
samplings as a group, and the one set of 
July samples. Table 7 also shows that the 
only notable difference between the values 
for lot 5 which was fed hay and concen- 
trate during the winter, and the general 
values was in the higher vitamin-A level 
for the March samplings. 

It may be concluded that ewes run on 
the type of range grazed by these sheep 
may be expected to have the following 


mean values for plasma phosphorus, 

cium, and vitamin A: 

4.1 to 4.3 mg./100 ml., except in 
early summer when it may be 
5.5 mg./100 ml. 

9.0 to 9.7 mg./100 ml. 

22 to 31 ml. 


Phosphorus 


Caleium 
Vitamin A 


It may also be concluded that feeding of 
protein concentrates on the range does not 
increase the phosphorus levels over those 
for grazing only. 


SUMMARY 


The means of 517 determinations of lev- 
els of phosphorus, calcium, and vitamin A 
in blood plasma of breeding ewes run on 
the range in the mountain area of south- 
central Montana were as follows: 

(standard 
deviation 0.9) 
(standard 
deviation 1.0) 
(standard 
deviation 7.3) 


Phosphorus 4.3 mg./100 ml. 


Caleium 9.2 mg./100 ml. 


Vitamin A 29 ug./100 ml. 


The samples were taken in groups of 30 
to 52 on 12 dates over a four-year period, 
11 of which were between October 9 and 
April 1. One set of 46 samples taken July 
2 showed a higher phosphorus level, namely 
5.4 mg./100 ml. 

Ewes fed a protein concentrate during 
the period of pregnancy did not show val- 
ues significantly different from those for 
ewes on range with no supplement. 
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Protection of Sheep Against Anthrax by Immunization 
with an Antigen Prepared in Vitro 


ALDEN K. BOOR, Ph.D., and HUGH B. TRESSELT, B.S. 


Frederick, Maryland 


IMPROVEMENTS in the technique of vacci- 
nation of domestic animals against anthrax 
by the use of an attenuated strain of Ba- 
cillus anthracis have been announced by 
Sutton! and others. The danger still ex- 
ists, however, that the weaker and more 
susceptible animals will succumb to the 
disease as a result of the inoculation in- 
tended to accomplish immunization by 
Pasteur’s method. A safe antigen effective 
for the protective immunization of these 
naturally susceptible domestic animals in 
anthrax enzootic regions would be econom- 
ically advantageous. 

Gladstone’ reported the production of a protec- 
tive antigen with which he immunized several labo- 
ratory animals and 3 sheep against anthrax. The 
latter withstood a challenge dose of B. anthracis 
that killed 3 control animals. Watson et al.’ im- 
munized rabbits, guinea pigs, other laboratory 
animals, and also sheep, with an extract of lesions 
of rabbits that had died of anthrax. Other than 
this, very little work of this nature on domestic 
animals has been reported. Heckly et al.“ and 
others, including the authors,® have prepared anti- 
gens free from bacterial cells or spores which suc- 
cessfully immunized guinea pigs and rabbits. 
Tresselt and Boor® have reported the immuniza- 
tion of monkeys with the dried fraction of a cell- 
free filtrate of a culture of B. anthracis similar to 
that used in the present work. 

This report reviews the method of prep- 
aration of the antigen and describes its use 
in the safe and effective protection of sheep 
against anthrax. 


EXPERIMENTAL DATA 


Preparation of the Protective Antigen.—The 
cell-free filtrate of the sixteen- to eighteen-hour 
culture of B. anthracis grown in the medium here 
described contained the protective antgien. This 
was concentrated by chemical fractionation, di- 
alyzed, and lyophilized. The product was a stable 
and convenient form of the antigen suitable for 
effective immunization of sheep. 

The composition per liter of the medium was as 
follows: 

10.0 Gm., dry wt. 
5.5 Gm., dry wt. 


Sheep serum albumin 
Yeast extract (described below ) 


From Camp Detrick, Frederick, Md. 


5.0 Gm. 
10.0 Gm. 


Sodium bicarbonate 

Dextrose 

Phosphate buffer, pH 7.0 
(1.5 % solids) 700.0 ml. 

Phenol red, as pH indicator.... 12.0 mg. 

Water, to make 1,000.0 mi. 


The serum albumin chosen was prepared from 
the species of animal to be immunized to avoid 
unnecessary introduction of foreign proteins. The 
yeast extract was prepared by extracting bakers’ 
yeast for twenty-four hours with an hydrochloric 
acid (HCl) solution at pH 4.0 and then removing 
from the cell-free filtrate the protein precipitate 
at pH 11.0. Additional protein, not necessary for 
the production of the antigen, was removed from 
the yeast extract by treatment with activated 
charcoal. 

The yeast extract and phosphate buffer were 
prepared in large quantities and were sterilized by 
autoclaving at 15 lb. of pressure for twelve to 
fifteen minutes. The culture medium, pH 7.0, was 
sterilized by Seitz filtration and distributed in 
50-ml. amounts in 12-ounce flat prescription bot- 
tles plugged with cotton. It was acidified by ab- 
sorption of carbon dioxide gas and inoculated with 
35,000 spores of B. anthracis per bottle. The bot- 
tles were capped with parafilm, laid on their sides, 
and ineubated statically at 37C. for sixteen to 
eighteen hours. 

The bacterial cells were removed by centrifuga- 
tion and Seitz filtration and the filtrate was frac 
tionated* by salting out methods or by alcoholic 
precipitation at low temperature. The effective 
protective antigen was shown by rabbit immuniza- 
tion tests to be in that portion of the culture fil- 
trate precipitated as a pseudoglobulin by about 46 
per cent saturated ammonium sulfate, or as frac- 
tion IV by the aleoholie precipitation method of 
Cohn et al.” This fraction, dialyzed at 4C. and 
lyophilized, was kept under partial vacuum in the 
refrigerator. 

Immunization of Sheep Against Anthrax.—Im 
munization by the Usual Method of Administra- 
tion.—Six Hampshire sheep (709, 710, 79, 70, 72, 
and 69, table 1) were injected intradermally at 
six-day intervals with three doses, 20 mg., 40 mg., 
and 60 mg., respectively, of the protective antigen 
concentrated by aleoholie precipitation (frac 
tion IV). 

As shown in table 1, these immunized 
animals survived intradermal challenges 
with 1,200 to 120,000 spores of a virulent 
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strain of B. anthracis,* administered after 
intervals ranging from seven to eighty- 
four days after immunization. 

Two sheep (69 and 72) survived without 
apparent illness the challenge dose of 1,200 
spores while the 2 controls (88 and 71) 
died in ten and nineteen days, respectively, 
after a similar challenge (see section on 
‘‘Anthrax in Nonimmunized Sheep’’). 
They were challenged again thirteen days 
later with an intradermal injection of 
12,000 spores and were slaughtered twenty- 
six days after the second challenge. 

Necropsy** revealed no lesions of an- 


Animal 79 was slaughtered when it appar- 
ently became very ill twelve days after re- 
ceiving the challenge with 12,000 spores of 
B. anthracis. Instead of anthrax, necropsy 
revealed a generalized infection with 
an organism belonging to the genus 
Clostridium. 

Immunization Injection of the Anti- 
gen.—The ‘‘one-shot’’ method of immunization of 
sheep, cattle, or other domestic animals obviously 
would be the most practical system if it would de- 
velop a high grade resistance against anthrax. 
Two sheep (713 and 714, table 1) were injected 
subcutaneously with 240 mg. of the lyophilized 
protective antigen in 5.0 mi. of sterile aluminum 


by One 


” 


thrax and the organism could not be dem- 


hydroxide cream.t Sixty-three days later their re- 
onstrated: by bacteriological examination. 


sistance against anthrax was challenged with 
120,000 spores of the same strain of B. anthracis 
used for challenging all of the animals discussed 
in this report. Twenty days after the challenge, 
necropsy revealed no pathological changes and no 
B. anthracis organisms were demonstrated by bac- 
teriological examination. 


* The resistance against anthrax was determined by 
challenge with a strain of B. anthracis, one or two spores 
vf which injected intradermally in the rabbit or guinea 
vig established fatal anthrax. 

** Three of the control sheep (71, 76, 88) were nec- 
ropsied by Drs, Joseph Victor, Abou D. Pollock, and 
Edwin M. Lerner II. Necropsy of the remaining 15 
theep was done by the authors and assistants who are 
grateful for the valuable service and cooperation ren- 
dered by the pathologists named. 


+ The aluminum hydroxide cream was prepared accord- 
ing to Hawk, Oser, and Summerson.’ 


TABLE 1—Immunization of Sheep Against Anthrax 
Challenge 


Spores 
Bacillus 
anthracis 
strain 
CD25 


Second challenge 
Immunization doses - 
No. of 
doses * 


Days after 
second 
challenge 


Days 
after 
challenge ** 


Days 
after 
last dose 


Spores 
B. Anthrax 
found 


Identifi- 


cation anthracis 


105 20K neg. 
20K neg 
10° 20K neg. 
10° 20K ls neg 
10* 12K skeen neg 
10* 25K neg. 
10° 13R 2 xX 26K neg 
10° 13R 26K neg. 


713 


1 
1 
3 


to bo ty to 


tw 


~ 


Controls, Not Immunized 
10* 25K 
10* 5D 
108 10D 
10 13R 
10° 28R 
10° 9D 
10? 7D 
10? 6D 
10? 28R 
10? 9D 


0 1 
0 1 

0 1 

0 1 

0 1. 
0 
0 1.3 
0 1 

1 X 105 
0 1 


KK KK KK 


2 


* 1—One subcutaneous injection of 240 mg. of the antigen (fraction IV, see text) in aluminum 
hydroxide; 3—Three intradermal injections with solutions of 20, 40, and 60 mg. of antigen, respectively. 

** K—Destroyed and necropsied; D—died and necropsied; R—sheep 69, 72, and 71 were rechal- 
lenged with an intracutaneous injection of 12,000 spores of Bacillus anthracis thirteen days after the 
first challenge; sheep 711 and 92 were rechallenged in like manner with 120,000 sprres of this strain 
twenty-six days after the first challenge. 

++ = Severe anthrax, shock, recovery; 
ganisms found upon necropsy; ++++ = 
isms found upon necropsy. 

+t Sheep 71—-Necropsy indicated that the fatal anthrax was the consequence of the first challenge. 

Sheep 80-——Prostrated, presumably from anthrax, sixth through eighth day after challenge but recovered. 

Sheep 92—Appeared to recover from the first challenge; Bacillus anthracis was found in spleen, liver, 
and peritoneal fluid upon necropsy. 


+++ <= severe anthrax, shock, recovery, Bacillus anthracis or- 
very severe terminal anthrax, lesions and Bacillus anthracis organ- 


|| 
Zz 63 1 
714 | 63 1 
709 84 1 
710 84 1 
79 3 10 1 
70 3 10 1 
72 3 7 1 
69 3 7 1 
80 +4 + 
76 
71 6D + 
92 20K $4 4 + 
96 
97 441 4 
717 $$ 4 4 { 
711 20K neg 
SNO 
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PROTECTION OF SHEEP AGAINST ANTHRAX 


Anthrax in Nonimmunized Sheep.— 
Seven of 10 control sheep died of anthrax 
after intradermal injection with 120 to 
12,000 spores of the virulent strain B. an- 
thracis CD-25 (table 1). 

Four of the control sheep were injected 
intradermally in the dorsal scapular region 
with 120 spores of B. anthracis; 3, (97, 717 
and SNO) died in seven, six, and nine 
days, respectively, following severe an- 
thrax; the fourth (711) survived a 28-day 
observation period. 

Four other control animals were chal- 
lenged in like manner with 1,200 spores. 
Sheep 96 and 88 died after nine and ten 
days, respectively. Sheep 71 apparently 
had recovered thirteen days after the chal- 
lenge and was given a second injection of 
12,000 spores of B. anthracis in the thigh. 
It died six days later, nineteen days after 
receiving the first challenge of 1,200 spores. 
At necropsy a small edematous lesion was 
observed at the site of the second injection. 
The lesions in the neck and chest anterior 
to and near the site of the first injection 
were of such magnitude and severity that 
one would conclude that the first dose of 
1,200 spores was fatal. The outer larynx 
and the epiglottic folds were severely con- 
gested. The fourth control animal (92) 
that had received the challenge with 1,200 
spores recovered after a severe illness. The 
latter and sheep 711, that had withstood a 
smaller challenge, were rechallenged with 
120,000 spores of this virulent strain of B. 
anthracis twenty-eight days after the first 
challenge. When no signs of anthrax were 
observed for twenty days, they were de- 
stroyed and necropsied. No anthrax lesions 
were found in either, but B. anthracis or- 
ganisms were found in the liver and spleen 
of sheep 92. One (76) of the 2 other con- 
trol sheep challenged with 12,000 spores 
died in five days, while the second (80) 
showed no evidence of anthrax when de- 
stroyed after twenty-five days although it 
had been very ill and prostrated on the 
sixth, seventh, and eighth days. At nec- 
ropsy, all of the sheep that had died 
showed severe hemorrhagic, gelatinous le- 
sions anterior to the site of injection. Ba- 
cillus anthracis cells were abundant in the 
spleen, liver, lungs, and peritoneal fluid in 
these animals which evidently died of 
severe anthrax. 


Discussion 


Protection «. domestic animals in an- 
thrax enzootic regions is an economic neces- 
sity. This can be accomplished effectively 
by immunization with the protective anti- 
gen described. 

An abundant, stable antigen was pro- 
duced in the culture medium deseribed. 
The yeast extract insured a_ luxuriant 
growth of B. anthracis. Although the se- 
rum albumin was an additional source of 
culture nutriment, its primary value was 
its stabilizing effect on the antigen. Inclu- 
sion in the culture medium of proteins 
which might have lead to sensitization of 
the subject of immunization was avoided. 
Most of the protein in the yeast extract was 
removed by precipitation with acid and 
then with alkali and the remainder was ad- 
sorbed on activated charcoal. For the same 
reason, the serum albumin was selected 
from the species of animal which was to be 
immunized. Separation of the antigen 
from other constituents of the culture by 
fractional precipitation further insured 
its freedom from extraneous sensitizing 
agents. 

Protection of man by similar immuniza- 
tion with the safe cell-free antigen in re- 
gions and occupations that may bring him 
in contact with the hazard of infection by 
B. anthracis might become a practical and 
general procedure which would not be fea- 
sible with the attenuated spore-vaccine 
method of Pasteur. 


SUMMARY 


The preparation and concentration of 
protective antigen produced in vitro is de- 


scribed. Sheep were effectively protected 
from anthrax by immunization with the 
cell-free antigen either by a course of three 
intradermal injections of an aqueous solu- 
tion or one subcutaneous injection of the 
antigen adsorbed on colloidal aluminum 
hydroxide which acted as a stabilizer or 
adjuvant. 
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In the Article, ‘‘Sheep Pox and Its Control in 
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by M. 8. Sabban (April, 1955, p. 209), the sheep 
pox strain used for the preparation of vaccine, 
which was sent from Persia by Dr. K. Kasteven 
of the Food and Agriculture Organization, was the 
Rumanian strain. 

Wherever in the article Persian strain appears, 
it should read Rumanian strain. 
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Serological Methods for Determining Resistance 
to Infectious Canine Hepatitis 


J. E. PRIER, D.V.M., Ph.D., and S. S. KALTER, Ph.D. 


Syracuse, New York 


THERE Is no standard serological technique 
for the diagnosis of infectious canine hepa- 
titis (ICH). The test currently used is the 
complement-fixation test, using infected 
dog liver as a source of antigen.***+ Su- 
pernatant fluids from tissue-cultured virus 
also have been used.* 

The conglutinating complement-absorp- 
tion test has been used less frequently as a 
serological method for general diagnostic 
purposes. It has not been previously ap- 
plied to the routine diagnosis of ICH. The 
technique has been described in detail as 
applied to the diagnosis of other infee- 
tions.” *S Its use in the diagnosis of canine 
distemper has been reported.* We were un- 
able to confirm this work. 

The present report compares the com- 
plement-fixation test and the conglutinat- 
ing complement-absorption test in serolog- 
ical studies of ICH. 


MATERIALS AND METHODS 


Serums.—Blood was obtained from unselected 
street dogs. Serum was removed from the clot and 
stored at —25C. prior to use. Control serums were 
obtained from dogs recovered from experimental 
infection and dogs proved to be susceptible by 
subsequent infection. 

Antigens.—Infeeted dog livers were the source 
of antigen. The animals used for antigen produc- 
tion were 3 to 6 months of age and were suscep- 
tible to hepatitis virus as determined by the ICH 
skin test.” Two or more animals were used for the 
production of antigen. Infection was produced by 
intravenous injection of 0.5 ml. of a 20 per cent 
infected liver suspension. When an initial rise in 
body temperature occurred, usually forty-eight to 
seventy-two hours after injection, the animals were 
killed by injection of nembutal.® The abdomen 
was opened and the entire liver, less the gall blad- 
der, placed in a preweighed Waring blendor. After 
determining the weight, sufficient buffered saline 
(pH 7.2) was added to make a 20 per cent sus- 
pension of liver. The material was homogenized 
for five minutes. 

The liver suspension was then distributed to 50- 
ml. centrifuge tubes and centrifuged at 2,000 


From the Virus Laboratory, Department of Microbiol 
ogy, State University of New York, Upstate Medical Cen 
ter, Syracuse. 


r.p.m. for thirty minutes at 5C. The supernatant 
fluid was distributed in 50-ml. amounts to 1-liter 
round-bottom flasks, the contents shell frozen, 
thawed at room temperature, and recentrifuged. 
The process was repeated a second time and the 
final supernatant dried from the frozen state in 
the 1-liter flasks. The dried material was ground 
in a mortar and stored in brown, screw-top bot- 
tles. Antigen titrations were done against positive 
serum in the usual manner for complement-fixation 
tests. Four antigen units were used in the test. 
Fresh antigen was prepared each day by suspend- 
ing the appropriate amount of dried material (by 
weight) in saline. Control antigens were prepared 
as above from normal dog liver. 

Complement.—Guinea pig complement was used 
for complement-fixation tests. Male guinea pigs 
of approximately 250 to 300 Gm. were bled, and 
the serum was separated and stored at —70C. 
until used. 

Cat complement was used in the conglutinating 
complement-absorption techniques. Normal domes- 
tic cats were bled by cardiac puncture. This serum 
also was stored at —70C. until used. 

Conglutinin—Normal beef serum was used as 
the souree of conglutinin. Blood was obtained at 
the time of slaughter and the serum was separated 
and stored at —25C. Before use, the serum was 
inactivated at 56C. for thirty minutes. 

Complement-Fizxation Test.—Complement Titra- 
tion.—Titrations were done in the usual manner in 
the presence of 0.25 ml. of antigen (4 units). 
Sensitized sheep cells (0.5 mi.) were added to the 
complement-saline-antigen mixtures after one-hour 
incubation at 37C. The amount of complement 
causing complete homolysis was considered 1 unit. 
Two units of complement were used in the test. 

Twofold dilutions of inactivated serum (0.25- 
ml. amounts) were used in each test group. Anti- 
gen (0.25 ml.) was added, followed by 0.5 ml. of 
pig complement containing 2 hemolyzing 
Appropriate antigen and serum controls 
included with each set of tests. All tubes 
were incubated overnight at 5C. Sensitized sheep 
cells (0.5 ml.) were added and ineubated fifteen 
minutes at 37 C. before reading. 

Conglutinating Complement-Absorption Test. 
Conglutinin Titrations.— A 1:10 dilution of in- 
activated bovine serum (56 C. for 30 minutes) was 
used in the titration. Amounts increasing by 0.02 
ml. were placed in a series of 15 tubes. The initial 
tube contained 0.06 ml. of serum. Sufficient saline 
solution was added to each tube to make a total 
volume of 0.6 ml. Cat serum, 0.2 ml. of a 1:40 
dilution, was added to each tube, followed by 0.2 


guinea 
units. 
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TABLE i—tTechnique for Complement-Fixation Test for Infectious Canine Hepatitis 


Control 
antigen 


Saline 
solution 


Tube No. (ml.) 


Antigen 


Sensitized 
sheep cells 


Serum 
(ml.) and 
dilution 


Comple- 
ment 


bo 


io 


ug 


tot 
one 


Control 1 
Control 2 
Control 3 
Control 4 
Control 5 
Control 6 
Control 7 


0.25 of 1:4 
0.25 of 1:8 
0.25 of 1:16 
0.25 of 1:32 
0.25 of 1:64 
0.25 of 1:128 
0.25 of 1:256 
0.25 of 1:4 


4 hours at 5 ¢ 


C. and read. 


Incubate 15 minutes at 


Incubate 


Control antigen = normal liver suspension; antigen 
Note.—Known positive and negative serums were run with each set of test serum to 


ficity of reactions. 


ml. of a 0.25 per cent suspension of sheep cells. 
The mixtures were incubated at 37C. for thirty 
minutes. All tubes were centrifuged at 1,500 
r.p.m. for three minutes. The precipitated mate- 
rial was resuspended by gentle tapping of each 
tube, and all tubes were allowed to stand at room 
temperature for one minute before reading. 

The tube showing complete aggregation of cells 
with a clear supernatant fluid was considered as 
the end point. The amount of serum in this tube 
was designated as 1 unit. A dilution of serum was 
made to contain 4 units of bovine serum in each 
0.2 ml. Equal volumes of serum dilution and 0.25 
per cent sheep erythrocytes constituted the con 
giutinating system. 

Complement Titration——Amounts increasing by 
0.02 ml. of 1:40 eat serum were placed in a series 
of 15 tubes. The initial amount was 0.06 ml. 
Sufficient saline solution was added to each tube 
to make a total volume of 0.4 ml. and 0.2 ml. of 
antigen dilution (2 units) was added to each tube. 
After ineubation for thirty minutes at 37C., 0.4 
ml. of eonglutinating system was added to each 
tube and the tubes were reineubated at 37C. for 


infected liver suspension 


control nonspeci 


thirty minutes. The tubes were then centrifuged, 
resuspended, and read as deseribed above. The 
tube showing complete conglutination contained 1 
unit of complement. Two units were used in the 
test. 

The Conglutination Test.—Each serum was se 
rially diluted in 0.2-ml. amounts through ten tubes. 
Two units of antigen were added, followed by 2 
units of complement. Inactivation of test serums 
was done at 56C. for thirty minutes, after an 
initial dilution of 1:4. Known positive and nega 
tive serums were used with each test group. After 
incubation at 37 C. for thirty minutes, 0.4 ml. of 
conglutinating system were added to each tube. 
All tubes were reincubated, centrifuged, 
pended, and read. The titer of the serum was in- 
terpreted as the serum dilution of the last tube 
showing no conglutination. 

Controls.—In addition to positive and negative 
serum controls, each serum was examined for anti- 
complementary activity by placing the lowest dilu- 
tion in a tube with saline, complement, and the 
econglvtinating system. Each serum 
amined for nonspecific activity against normal dog 


resus 


was also ex 


TABLE 2—Technigue for Conglutinating Complement-Absorption Test for Infectious Canine 
Hepatitis 


Control 
antigen 
(ml.) 


Tube No. (ml. ) 


Antigen 


Sensitized 
sheep cells 
(ml.) 


Serum 
ml.) and 
dilution 


to te b 


Control 1 
Control 2 
Control 3 
Control 4 
Control 5 
Control 6 
Control 7 0.6 
Control 8 0.4 2 


of 1: 0 
of 1: 
of 1: 
of 1:3% 
of 1:6 


bo 


0 
0 
0 


& 


bo te 
bo to bo be 


to tot 
to bo 


, resuspend, and read. 


to 


Incubate 1 hour at 37 C., 


centrifuge 3 minutes at 1500 


Incubate 


1 hour 
r.p.m 


2 


Control antigen = normal liver suspension; antigen — 


infected liver suspension 


Note.—Positive and negative serums are run with each set of test serum. 


/ 
{ 
430 
(ml.) ml 
1 0.5 0.5 
2 0 0.5 0.5 
3 0 0.5 
4 0 0.5 
5 02 0.5 
6 0 0.5 
7 0 0.5 
Os 0.5 
0.05 0.25 0.5 
0.25 0.25 of 1:4 0.5 
ovene 0.25 egeece 0.25 of 1:8 0.5 0.5 
0.25 0.25 Li 0.5 0.5 
ment 
i 0.2 0 
2 02 0. 
3 off 0 
4 0 0 
5 0.2 0 
6 0.2 0 
7 0.2 0 ' 
0 
0 
0.2 
mies 0.2 of 1:4 On 7 
mine 0.2 of 1:8 0.2 
0.2 
os 
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TABLE 3—Distribution of Reactions of 95 Dog Serums to the Complement-Fixation and 
Conglutination Tests 


Conglutinating titer 


Complement-fixation titer 


Total 
se- Neg- 
rums_ ative 1:8 1:32 


Group 1:64 


1:128 1:256 


Neg- 
ative 


1) Higher 24 18 1 
complement- 

fixation 

titer 

2) Higher 

conglutination 

titer 

3) Equal 6 

titers 

4) Negative 39 


liver in the lowest dilution of the former. Appro- 
priate antigen, complement, and conglutination 
system controls were run with each test. 


RESULTS 


The standard procedures for the two 
tests used in the studies are outlined in 
tables 1 and 2. 

The distribution of reactions of 95 ca- 
nine serums to both tests is shown in table 
3. Twenty-four dogs showed a higher com- 
plement-fixation titer than conglutinating 
complement-absorption titer. Eighteen (75 
%) of those serums, however, were nega- 
tive to the latter test. In group 2, 26 se- 
rums showed a higher conglutinating com- 
plement-absorption titer. Only five serums 
(19.2 %) were negative to the complement- 
fixation test. 

Thirty-nine serums were negative to both 
tests. Among the 56 positive serums, 33 
showed reactions to both tests. Of the lat- 
ter number, 21 (63.6 %) showed a higher 
conglutinating titer, whereas only six (18.1 
%) demonstrated a higher complement- 
fixation titer. 

Of 17 dogs showing negative serums to 
both tests, 35.3 per cent were positive to 
the ICH skin test. Eleven dogs positive to 
the conglutination test were all positive to 
the skin test. Four animals that showed 
positive complement-fixation but negative 
conglutination titers were also skin tested. 
Three were negative and 1 was positive. 


DiIscussION 


For an efficient serological procedure, it 
is necessary that a standardized technique 
be employed. Accordingly, it is proposed 
that the method outlined here, or a similar 
procedure, be adopted for the serological 
identification of ICH. Concerning a pre- 


ferred test, it is probable that the comple- 
ment-fixation system will be used until 
additional information is available on the 
adaptability of the conglutinating comple- 
ment-absorption technique in this specific 
instance. 

The source of antigen for routine use 
may be improved. It is possible that the 
method of tissue culture of ICH virus, re- 
cently described by Cabasso et al.® and 
Fieldsteel and Emery,’ may yield an im- 
proved antigen. A central source of anti- 
gen for all laboratories also would be ad- 
vantageous. 

These limited trials comparing the two 
serological procedures can only be used to 
draw preliminary conclusions. It does seem 
obvious, however, that when both tests 
show a positive reaction, the conglutinat- 
ing complement-absorption titer is most 
often highest. A relatively high percentage 
of serums, however, show a positive com- 
plement-fixation titer, but a negative reac- 
tion to the other method. 

It may be assumed, therefore, that non- 
specific reactions occur with frequency in 
the complement-fixation test and that the 
conglutination technique is both more spe- 
cific and more sensitive. Additional inves- 
tigation is necessary before these factors 
can be accurately determined. 


SUMMARY 


Serological identification of antibodies to 
infectious canine hepatitis (ICH) virus is 
discussed. Standard procedures for the 
complement-fixation and conglutinating 
complement-absorption techniques are out- 
lined. The reactions of 95 serums to both 
tests were studied. Of serums showing re- 
actions to both tests, 63.6 per cent showed 
a higher conglutinating complement-ab- 
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sorption titer, and 18.1 per cent demon- 
strated a higher complement-fixation titer. 
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Effect of Desoxycorticosterone Acetate on Young Chicks 


R. P. LINK, D.V.M., Ph.D., and A. V. NALBANDOV, Ph.D. 


Urbana, Illinois 


DESOXYCORTICOSTERONE acetate (DCA) ad- 
ministered daily to young Leghorn chicks 
caused gross tissue changes, especially in 
the testes. The testes were enormously en- 
larged and a single layer of epithelium was 
found lining the seminiferous tubules. 
These changes were attributed to an accu- 
mulation of fluid in the testes caused by 
the DCA. There was also an accumulation 
of serous-like fluid in the peritoneal cav- 
ity.’ Involution of the seminal vesicles and 
testes in mature and immature rats is 
caused by DCA. Leydig cells and sperma- 
togenic tubules are affected. Under the 
influence of DCA, rats voluntarily drink 
more water and urine output is enhanced, 
while urinary sodium and chloride are 
much reduced in concentration and total 
amount excreted. The amount of sodium 
chloride in the diet influences the develop- 
ment of lesions resulting from continued 
administration of DCA.°® 

The object of this study was to observe 
changes in chicks caused by continued 
DCA administration and the effect of pos- 
terior pituitary hormone in the disturbed 
water balance. 


EXPERIMENTAL 


Ninety White Plymouth Rock male chicks, 4 
days of age, were divided into three groups. One 
group of 70 chicks received two subcutaneous in- 
jections of 0.5 mg. of DCA in 0.05 ml. of mazola 
oil daily for seven days. The dose was then re- 
duced to 0.25 mg. twice a day for the remaining 
twenty-three days. A group of 10 birds received 
injections of 0.05 ml. of mazola oil daily. The re- 
maining 10 birds served as untreated controls. All 
birds were fed the same ration which contained 1 
per cent sodium chloride, and were maintained 
under similar conditions. 

In a second part of the experiment, 18 birds 
which had received DCA for twenty days and had 
an excessive amount of fluid in the peritoneal cav- 
ity were divided into two groups of 9 birds each. 
Birds in both groups continued to receive 0.5 mg. 
of DCA daily. The birds in one group were also 
given 0.5 U.S.P. unit posterior pituitary hormone 
intramuscularly daily for ten days. 

Eight treated birds (none of those used in the 
second part of the experiment) and 4 control birds 


From the Department of Veterinary Physiology and 
Pharmacology (Link), Department of Animal Science 
(Nalbandov), and Agricultural Experiment Station, Uni- 
versity of Illinois, Urbana. 


were destroyed at the conclusion of the thirty-day 
injection period. The testes, heart, spleen, kid- 
neys, liver, pancreas, and adrenals were removed 
and weighed. These organs were fixed in Zenker’s 
solution and sectioned for histological study. 
Laparotomies were performed on the remaining 38 
treated birds and a few of the controls. The testes 
were observed and their approximate length 
recorded. 

Beeause of the severe macrosecepic and micro 
scopic damage to the testes by DCA, it became of 
interest to see if the testicular components re- 
tained their ability to respond to gonadotrophic 
hormones. For this reason, 16 chicks which had 
received DCA for thirty days were treated with 
sheep pituitary at the rate of 5 Gm. equivalent 
(in terms of acetone-dried anterior pituitary pow- 
der) per bird in eight days. Injections were be- 
gun three days after termination of the DCA 
treatment. Body weight and comb measurement 
(expressed as product of length times height) 
were made on all birds at weekly intervals during 
the experiment. 


RESULTS 


Desoxycorticosterone acetate had a pro- 
nounced effect on the birds. On the sixth 
day of treatment, 1 chick died after devel- 
oping extensive edema. Seventy-nine per 
cent of the chicks developed edema during 
the treatment. Therefore, a reduction in 
the amount of the hormone administered 
seemed advisable. Twenty-four treated 
chicks died during the injection period 
presumably from the toxic action of DCA. 
All chicks that died had an excessive 
amount of fluid in the peritoneal cavity 
(table 1). 

The treated chicks appeared to eat more 
than the controls and their average weight 
was greater (graph 1). Part of this weight 
was due to fluid retained in the body and 
was not due to true growth. Examination 
revealed very little fat in the bodies in the 
chicks. 


TABLE 1—Effect of Desoxycorticosterone Acetate 
(DCA) on Young Chicks During Thirty-Day 
Injection Period 


Number of Chicks 


Developed 


Treatment Ist day 30th day edema Died 


DCA 46 55 
Mazola oil 10 ) 
Untreated 10 
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TABLE 2—Body and Organ Weights (Gm.) of Normal and Desoxycorticosterone Acetate- 
Treated Chicks 34 Days of Age 


No. of 
chicks 


Body 


wt. Kidneys 


Liver Heart Testes Adrenals 


2.92 


2.20 


302 
289 


Treated 
Untreated 


8 
4 


0.026 
0.024 


9.01 
7.04 


2.54 
1.58 


0.121* 
0.044 


* Fluid was drained from testes before weighing. 


The kidneys were enlarged and their 
surfaces irregular. There was mild tubular 
hypertrophy and enlargement of the glom- 
eruli. Slight thickening of the walls of the 
kidney arteries was noted. 

There was marked increase in the size of 
the hearts and histological examination re- 
vealed hypertrophy of the ventricular 
muscle fibers. 

The livers were enlarged. The enlarge- 
ment appeared to be due to hypertrophy of 
the liver cells and to passive hyperemia, 
although there was no evidence of hemor- 
rhage (table 2). 

The pancreas showed no change other 
than slight edema. 

There was atrophy of the cortical tissue 
but no significant change in total weight 
of the adrenals. Birds which were main- 
tained until 90 days of age (60 days after 


Comb 


measurement 


treatment) showed almost complete recov- 
ery from the adrenal atrophy. The livers 
and hearts also appeared normal at that 
age. 

Of the 46 treated birds living at the end 
of the injection period, 28 (61%) had 
testes which were approximately four 
times the length of tne controls, 6 (13 %) 
had testes twice the length of the controls, 
and those of the remaining 12 (26 %) ap- 
peared normal in size. 

The testicular enlargement appeared to 
be due primarily to accumulation of fluid 
in the spermatogenic tubules. The tubules 
were lined by flattened epithelial cells and 
showed no signs of spermatogenic activity. 
Leydig cells appeared normal. There was 
extensive edema in the interstitial tissue 
and numerous enlarged veins and eapillar- 


Graph 1—The effect of 

desoxycorticosterone ace- 

tate on body weight and 

comb growth of male 
chicks. 
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EFFECT OF DESOXYCORTICOSTERONE ACETATE ON CHICKS 


ies. The arteries and veins in the tunica 
vasculosa were distended (fig. 1, A). 

In the second part of the experiment, 
the birds which were treated with posterior 
pituitary showed marked reduction in the 
generalized edema. Only 1 bird of this 
group of 9 died. Eight of the 9 similar 


DCA treatment. 


(E) Testis from control chick (94 days of age). 


birds not treated with posterior pituitary 
died. Examination of the 8 birds treated 
with posterior pituitary hormone at the 
conclusion of the thirty-day DCA injection 
period revealed that only 3 (37 %) of the 
8 birds had enlarged edematous testes. Size 
of the testes at the beginning of the period 


Fig. 1—(A) Section of edematous testis of chick treated with desoxycorticosterone acetate 
(DCA) for thirty days. (B and C) Similar testes sixty days later, (C) stimulated with gonado- 
trophic hormones. (D) Testis (60 days after DCA) which was normal in size at conclusion of 


Hematoxylin and eosin 


stain. x 400. 
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during which posterior pituitary hormone 
was injected was not determined because 
the chicks did not appear strong enough to 
withstand laparotomies. 

Chickens used in the third part of the 
experiment were examined when 94 days 
of age. These birds had been injected with 
sheep pituitary from the thirty-third to 
forty-first day. The response of the enor- 
mously enlarged testes of the birds treated 
with anterior pituitary following discon- 
tinuation of DCA is illustrated in figure 
1, C. Grossly, the testes appeared normal 
in size and shape. There was no evidence 
of sperm production but there was more 
tubular development than in similar testes 
which were not stimulated (fig. 1, B). 

The response of the normal-sized testes 
to anterior pituitary ir the 6 DCA-treated 
birds is illustrated in figure I, D. There 
was less interstitial tissue than in figure 
1, C, and more development of tubular 
cells but no spermatogenesis. Androgenic 
activity of the testes as indicated by comb 
growth suggests some impairment of this 
function (graph 1). There was no observ- 
able difference between the birds injected 
with mazola oil and the untreated controls. 


Discussion 


Continued administration of DCA to 
young chicks caused marked changes in 
many tissues. Generalized edema was ex- 
tensive. Desoxycorticosterone acetate fa- 
vors the retention of sodium and is known 
to correct the disturbed electrolyte balance 
in Addison’s disease without significantly 
altering the disturbed water balance.” 
The antidiuretic hormone of the pituitary 
inhibits the reabsorption of sodium and 
chloride but increases the reabsorption of 
water. 

Evidence was presented by Silvette and 
Britton’ suggesting a physiological an- 
tagonism between the diuretic action of 
adrenal cortical hormone and the antidiu- 
retic action of posterior pituitary hormone. 
However, Sartorius and Roberts* concluded 
that DCA does not have direct action on 
water reabsorption nor an antagonistic 
action to pitressin® antidiuresis. Renal 
changes in the chicks did not appear suffi- 
ciently extensive to explain the extensive 
edema. It appears possible that the in- 
creased reabsorption of salt results in in- 
creased reabsorption of water and favors 
the development of extensive edema ob- 
served in many of the chicks. 


The permanent injury to the germinal 
epithelium of the testes may be due to a 
specific action of DCA. Injury to this 
structure was evident in the testes which 
were not edematous. Therefore, this effect 
does not appear to be due entirely to pres- 
sure from the edema fluid. There was little 
evidence of repair in this tissue sixty days 
after discontinuation of DCA. Anterior 
pituitary hormones did not restore normal 
structure in the edematous testes when the 
birds were 90 days of age suggesting that 
the effect of DCA is persistent and that 
this effect is direct and not due to sup- 
pression of the anterior pituitary. Atrophy 
of the adrenals appeared to be a compen- 
satory process and, after withdrawal of 
DCA, there was almost complete recovery 
from this effect. 

SUMMARY 


The subeutaneous administration of de- 
soxycorticosterone acetate (DCA) to young 
chicks had profound effect on many organs. 
It caused damage to the germinal epithe- 
lium of the testes which was apparent sixty 
days later. The heart, kidneys, and adren- 


als showed marked recovery from the effect 
of DCA after a period of sixty days. An- 
drogenic function of the testes, as indicated 
by comb growth, was slightly impaired. 
Posterior pituitary reduced the edema 
caused by DCA. 
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The Relative Importance of Body Temperature and Lymphocytes 
in Genetic Resistance to Salmonella Pullorum in the Fowl 


TULSA RAM, L.V.P., Ph.D., and F. B. HUTT, Ph.D., D.Sc. 


Ithaca, New York 


Proor that chicks may differ genetically in 
ability to resist infection with Salmonella 
pullorum is provided by the fact that re- 
sistance can be increased by selection ** 
and also by the significant differences 
among breeds in susceptibility.’® 

Coneerning the physiological basis for such re- 
sistance, there have been differing From 
previous studies at this laboratory, Scholes and 
Hutt “concluded that it results from better control 
of the thermoregulatory mechanism by the resistant 
chicks. In their experiments, body temperature rose 
more rapidly in resistant chicks than in susceptible 
ones during the first ten days after hatching. Ex- 
perimental lowering of body temperature caused a 


views. 


corresponding lessening of resistance, whereas in 
duction of artificial fever increased it. Chicks of a 
resistant breed (White Leghorns) showed at 2 to 
10 days of age consistently higher temperatures 
than chicks of a susceptible breed (Rhode Island 
Reds). Moreover, among sibling chicks from dif- 
ferent Rhode Island Red dams, those with mean 
familial temperature above the average were more 
resistant than those with familial temperatures be- 
low the average. 

Subsequently, Roberts, and Card™ 
concluded that resistance and susceptibility to S. 
pul’»rum were dependent upon the number of lym- 
phocytes in the blood. These were more numerous 
in their resistant strain, increased concurrently 
with resistance during the first few days after 
hatching, and seemed to do so more rapidly in 
resistant chicks than in susceptible ones. Redue- 
tion in the number of lymphocytes following x-ray 
irradiation was associated with a decrease in re- 
sistance. Although Roberts et al.” also found body 
temperatures to be higher in the resistant strain 
than in the susceptible one, that difference was not 
considered important. 

Since in these two independent studies, 
one group of investigators attributed re- 
sistance to body temperature and the other 
to lymphocytes, it seemed desirable to de- 
termine (1) any relationship that might 
exist between body temperatures and lym- 
phocytes, and (2) any relationship be- 
tween resistance and (a) each of these fac- 
tors separately, or (b) both together. 
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veterinary investigation offi 


Results of such investigations and of others 
related to them are reported herewith. 


MATERIALS AND GENERAL PROCEDURES 


Stock.—The chicks used in most of these experi 
ments were offspring of White Leghorn hens 
mated with F; males from a cross of White Leg 
horn ¢ 4 with Rhode Island Red and New Hamp- 
shire 29 2. In some experiments pure White Leg 
horns and Rhode Island Reds were also used. The 
parent stocks were all free from pullorum disease, 
as was demonstrated by agglutination tests. 

Management.—All chicks were wing-banded at 
hatching and identified as to sire and dam. They 
were then transferred to the specially designed, 
thermostatically controlled used by 
Scholes and Hutt™ in which temperatures were 
held to variations within 1C. (fig. 1). The chicks 
were disturbed only once a day when feed was 
added to the hoppers, body temperatures recorded, 
and the brooder cleaned. They were usually kept 
in these brooders for their first ten days, after 
which inoculated chicks were transferred to bat 
tery brooders for a further period of ten days. 
Mortality was recorded to 21 days of age. All 
brooders and equipment were thoroughly cleaned 
and disinfected before each experiment. 

Culture.—Throughout 
of S. pullorum 
had recently 


brooders 


these studies only one 
This culture, 


from a young 


used. 
isolated 


strain 
which 


was 


been 


Fig. 1—Type of brooder used with (1) heating 

coil, (2) thermostat, (3) lamp, (4) wire floor of 

Yg-inch mesh, (5) sliding metal floor pan (6) ther- 
mometer, and (7) hinged door. 
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chick that died of natural infection, was main- 
tained by frequent transfer to fresh blood-agar 
slants and later to nutrient-agar slants every two 
weeks. 
Dosage. inoculated individually 


-Chicks were 


agar plates and incubated for twenty-four hours 
at 37C. In addition te »bservation of the charac- 
teristic colonies of S. pullorum, confirmation was 
made by the agglutination test, using a known 
immune serum. This was adopted as a regular 


Cross bred chicks 


a 
Q 9 


Body temperatures (F ) 


White Leghorns 


Graph 1—Effects of 

brooder temperatures 

(Centigrade) on body 

temperatures (Fahren- 

heit) of chicks 1 to 10 
days of age. 


per os with a 24-hour, nutrient-broth culture by 
means of a 1-ml. glass syringe attached by a rub- 
ber tube to a 4-inch narrow, thick-glass tube. The 
inoculum into the 
The dose was always 0.4 ml. of whatever dilution 


was introduced directly crop. 
was used. 

Since the maximum information concerning re- 
sistance and susceptibility is determined when 
mortality is around the level of 50 per cent, var- 
ious dilutions were tried to determine which would 
induce that result. After several trials, a dilution 
of 1:50 in distilled water was found to cause 
(with the particular strain of S. pullorum and 
chicks used) approximately 50 per cent mortality, 
with a range from 40 to 60 per cent in different 
lots. 

Variation—As is usual, some variation was ob- 
served in mortality from one experiment to an- 
other. Such fluctuations result from variability in 
the environment, in virulence of the pathogen, and 
in condition of the host. They prevent direct com- 
parisons of results in different trials but differ- 
ences between groups and families within each 
experiment may be compared with corresponding 
differences in other similar trials. Because of the 
variation among trials, results in each one were 
tested separately for significance. For this pur- 
pose the x” (adjusted for continuity) method was 
used with a fourfold contingency table showing 
numbers that survived or died in the two groups 
being compared. 

Diagnosis.—Mortality was recorded to 21 days 
of age. Every chick that died was examined for 
characteristic gross lesions and also by culture. 
The cultures were made from the liver on nutrient 


routine for identification. The serum was obtained 
from a rabbit after immunization with the same 
strain of S. pullorum, following the method of 
Edwards and Bruner.‘ 


RESISTANCE AND TEMPERATURE 


Recording Temperatures.—Chick tem- 
peratures were taken with a rectal mereury 
thermometer after insertion through the 
cloaca for one minute, following the tech- 
nique of Lamoreux and Hutt.*  Inser- 
tion was facilitated by dipping the 
bulb in mineral oil. Uniform depth of in- 
sertion was ensured by a stopper made of 
adhesive tape wound several times around 
the thermometer at a point 5% inch from 
the tip of the bulb. Further to ensure uni- 
formity, all temperatures were taken by 
one of us (T.R.) between 12:30 and 4 p.m. 
each day which, according to Hilden and 
Stenback,’ Fronda,® and Lamoreux and 
Hutt ** is the period of peak diurnal tem- 
perature. Variation was further minimized 
by taking only 1 chick at a time from the 
brooder, which otherwise was kept closed. 

Normal Temperatures.—As the first step, 
temperatures from hatching to 10 days of 
age were taken of 225 pedigreed crossbred 
chicks, not inoculated, and brooded at 35 
C., which is the normal brooding temper- 
ature for that age. At the same time tem- 
peratures were taken of 22 crossbred chicks 
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brooded at 30C., of another 22 at 40C., 
and of three lots of White Leghorns (22 
per lot) brooded at 28, 35, and 40C. 
(graph 1). 

On removal from the incubator, the 
crossbred chicks had temperatures ranging 
from 96.5 to 105.8 F., the mean figure for 
225 being 101.9+0.13 F. In chicks brooded 
at 35 or 40C., temperatures rose rapidly 
during the first five days, reaching 105.8 
F., respectively, on the fifth day. There- 
after, the rise continued at a much slower 
rate to ten days when mean temperatures 
were 106.4 and 107.1 F., for the groups 
brooded at 35 and 40C., respectively. In 
chicks brooded at 28 and 30C., body tem- 
peratures rose more slowly during the first 
five days and did not reach normal temper- 
ature until the tenth day. Their lag below 
normal was particularly evident during 
the first six days. Statistical tests showed 
that both in crossbreds and in White Leg- 
horns the mean body temperature of the 
chicks brooded above or below the normal 
35 C. deviated significantly from the means 
for those at 35 C. 

Altogether these results show that chicks 
are in a partly homoiothermic state when 
hatched, that their thermoregulatory mech- 
anism functions poorly in the first few 
days, and that it gradually becomes sta- 
bilized by about ten days. These findings 


confirm similar evidence adduced by Lamo- 
reux and Hutt ** and Scholes and Hutt.* 
Interfamilial Differences in Tempera- 
ture -——To ascertain whether or not there 
were differences among families in mean 
body temperature during the first five days 
after hatching, familial averages were de- 
termined for two sire families and 22 dam 
families comprising the 225 crossbred 
chicks that were not inoculated. These 
chicks were hatched in different lots over a 
period of three months and brooded at the 
normal 35 C. Since they were all brooded 
under identical conditions and there were 
no significant differences among different 
lots, the temperatures of all lots were 
grouped together to determine family aver- 
ages. Each chick’s temperature was re- 
corded daily ; the average number of chicks 
per dam was originally 10.2, and the actual 
average number of temperature readings 
in five days per dam’s family was 49.4. 
The mean body temperature of these 225 
chicks during the first 5 days was 104.6 + 
1F. Averages for the 22 families ranged 
froia 103.6 to 105.3 F. Mean temperatures 
in the two sire families were 104.4 and 
104.9 F., the difference being significant at 
the level P = <0.05. An analysis of vari- 
ance showed that there were highly signifi- 
cant differences (P — <0.01) among the 
22 dam families, and also among the dam 
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Graph 2—Average body temperatures st 1 to 10 days of age for the ten high-temperature 
families and 12 low-temperature families, showing difference at 30C. (brooder temperature) 
which is obliterated at 40C. 
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families within each sire family. Similar 
significant familial differences in body 
temperature of Rhode Island Red chicks 
were found by Scholes and Hutt.*? 

As the number of chicks in any one 
dam’s family was rather small for inter- 
familial comparisons of temperature and of 
viability, the 22 families were divided into 
two classes. One of these comprised ten 
families in which the average one- to five- 
day temperature was above the mean for 
the whole group (104.6 F) ; the other com- 
prised the remaining 12 families, all below 
that mean. For these high-temperature 
and low-temperature groups, the mean 
temperatures were 105 and 104.4F., re- 
spectively. 

After this division of the families had 
been made according to their temperatures 
up to 5 days of age, further analysis 
showed that the difference between the two 
groups was maintained consistently right 
up to 10 days of age. In other representa- 
tives of the two groups kept at the sub- 
normal brooder temperature of 30C., the 
difference was also consistently maintained 
to 10 days but, when samples of the two 
groups were brooded at 40C., the genetic 
difference between them was obliterated 
(graph 2). The high brooder temperature 
apparently provided for the low-tempera- 
ture families an environment in which 
they could maintain body temperature at 
a normal level. 

Temperature and Resistance.—Apart 
from the 225 normal chicks used to differ- 
entiate the high-temperature and low-tem- 
perature families, an additional 621 chicks 
from these same families were inoculated 
with S. pullorum. These came from nine 
different hatches and provided average 


samples of 28 chicks from each of the 22 
families. The dosage was 0.4 ml. of a 1:50 
dilution of a 24-hour broth culture given 
six to seven hours after removal of the 
chicks from the incubator. Some hatches 
were given other dilutions or dosed at 
slightly later ages, but all chicks of any 
one hatch received identical treatment. 
These inoculated chicks were all brooded at 
35 C. for the first ten days and were then 
transferred to a battery brooder (with 
heated and unheated compartments avail- 
able) where they were kept until 21 days 
old. Chicks from high-temperature fami- 
lies and from low-temperature families 
were intermingled during each trial. 

In all nine tests, mortality of the inocu- 
lated chicks was consistently lower in the 
high-temperature families than in those 
with temperatures below average (table 1). 
Even with the comparatively small num- 
bers involved in any one experiment, the 
difference was statistically significant (P= 
<0.03) in five of the nine trials. For all 
tests combined, the cumulative x? showed 
the difference to be significant at the level 
of P= <0.001. 

The superior resistance of the high tem- 
perature families thus proved is all the 
more significant because the interfamilial 
(genetic) differences in temperature were 
determined in certain samples from each 
family, while the differences in resistance 
were measured in entirely separate 
samples. 

When the data from all nine trials were 
pooled, there was a significant negative 
correlation (—0.49) between mean family 
temperature and mortality from pullorum. 
disease. However, the validity of such 
pooled data is lessened because neither the 


TABLE 1—Mortality Due to Salmonella Pullorum in Low- and High-Temperature Families 


A—Low-tempera- 
ture families 
Chicks 
inoculated Died 
(No.) (%) 


Chicks 
inoculated 


26 69.2 
28 82.1 
63 92.0 
35.7 
10 90.0 
12 83.3 
43 79.0 
26 46.1 
66 25.7 


Totals 302 (Ave. 67.01) 319 


(Ave. 38.07) 


B—High-tempera- 
ture families 


Significance 
of difference 


P 


Difference 


0.10 to 0.20 
0.05 to 0.10 
0.05 to 0.10 
< 0.02 
0.10 to 0.20 
<0.01 
< 0.02 
< 0.03 
<0.02 


< 0.001 
(Degrees of freedom: 9) 


\ 
Hatch || Died B—A 
No (No.) (%) (%) 
1 25 44.0 25.2 2.36 
2 30 56.6 —25.5 3.28 
3 80 76.6 15.4 3.03 
4 35 8.6 -27.1 5.44 s 
5 23 52.1 37.9 2.44 
6 30 30.0 —53.3 7.81 
7 61 54.0 25.0 5.82 
8 24 12.5 33.6 5.22 
9 61 8.2 -17.5 5.65 
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mortality nor the numbers of chicks from 
each family were equal in each test. Error 
from these causes can be overcome to a con- 
siderable extent by combining families into 
larger groups. When this is done, it is 
clear that familial resistance to 8S. pul- 
lorum increases with familial body tem- 
perature (table 2). 

Differences in Sire Families —AlIl of the 
621 chicks that were inoculated came from 
2 sires, A and B. In their normal uninocu- 
lated chicks, the mean body temperatures 
(1 to 5 days) were 104.9 and 104.4 F., re- 
spectively, and corresponding mortality in 
all chicks inoculated as 35.8 and 57.3 per 
cent, respectively. These figures confirm 
the evidence from the 22 dams’ families 
that resistance is associated with the higher 
temperatures. However, since A_ sired 
seven of the ten dams’ families in the high- 
temperature group and B sired ten of the 
12 dams’ families that made up the low- 
temperature group, it was possible that the 
striking differences between them in re- 
sistance (table 1) could have resulted from 
some paternal influence other than that of 
temperature. 

To elucidate this point, each sire’s dam- 
families were separated into classes with 
familial body temperatures above or below 
the mean for all chicks from the sire. Tem- 
peratures and mortality in the four groups 
thus established are shown in table 3. 
These show clearly that when the influence 
of the sire is thus held constant, resistance 
and susceptibility in the different dam’s 
families within sires is directly related to 
their mean temperature at one to five days. 
For the high-sire, high-dam families, mor- 
tality at 31.7 per cent was less than half 
that in the low-sire, low-dam families. The 
cumulative yx” of 9.77 shows that the differ- 
ences are highly significant. 


TABLE 3—Differenves in Temperatures and ! 
of Each sire 


Effect of Changing Body Temperature 
upon Resistance.—Since, as the foregoing 
data show, ability to resist S. pullorum is 
closely related to the chick’s body temper- 


TABLE 2—Differences in Body Temperature and 
Corresponding Death Rates in Three Groups of 
Dams’ Families 
Chicks 
inocu 
lated 


Average 

body tem 

perature 
(F.) 
105.1 
104.6 
104.2 


Tempera 
ture 
class 

High 
Medium 
Low 


Families 
(No.) 


ature during the first five days after hatch- 
ing, experimental modification of chick 
temperatures should cause corresponding 
variations in resistance. Tests for such 
confirmative evidence were made by inocu- 
lating different lots of chicks which were 
brooded for their first ten days at high or 
low brooder temperatures. As was shown 
earlier, such treatment causes correspond- 
ing changes in body temperature. After 
ten days, all chicks were brooded together 
in battery brooders and mortality was re- 
corded to 3 weeks of age. 

Two such tests were run, each with inoe- 
ulated controls brooded at the optimum 
35 C., and also with noninoculated controls 
brooded at the low temperature. In the 
first trial, the low temperature used was 
28 C. Since that might have been too low 
for some of the controls not inoculated (as 
shown by 9.1% mortality among them), 
the low temperature for the second trial 
was set at 30C. 

Results of these (table 4) show 
clearly that experimental raising of body 
temperature heightens ability to resist and 
that experimental lowering of body tem- 
perature causes a corresponding decrease 
in resistance. Pathogenicity of the dosage 


tests 


tality Between Families Within Progeny 


~ Dam’s families 


Ave. 

body 
tempera- 
ture (F.) 


Tempera- 
ture u 


Sire class 


A (high 
temperature ) 


High 105.2 


Low 104.5 


B (low High 104. 


temperature ) 


Low 104.2 


Chicks 
inocu 
lated 
(No.) 


Significance 
of difference 


145 


‘ 
(No.) (%) 
7 233 33.0 
9 253 57.7 
6 135 61.5 
Died | 
Po No No. (% x? P 
4 | | 45 31.7 
87 37 42.5 
260 136 52.3 
7.465 <0.01 
129 87 67.4 
9.777 <0.01 
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was obviously much greater in experiment 
1 than in the other. It proved fatal to all 
chicks brooded at 28 C., but only to 10 per 
cent of those brooded at 40°C. In experi- 


TABLE 4—Effect of Lowering and Raising Body 
Temperatures upon Resistance 
Brooder 
Ex- Body temper- 
temper- ature 
ature (C.) 


Lowered 28 
Lowered 28 
Normal 35 
Raised 40 


Treatment 


Noninoculated 
Inoculated 
Inoculated 
Inoculated 


Noninoculated 
Inoculated 
Inoculated 
Inoculated 


Lowered 30 
Lowered 30 
Nermal 35 
Raised 40 


ment 2, with lighter dosage, resistance of 
the chicks brooded at 30 C. was clearly re- 
duced, while those subjected to experimen- 
tal hyperthermia were completely resist- 
ant. Similar results were obtained by 


Scholes and Hutt.” 

Temperature Changes Following Inocu- 
lation To determine the response of body 
temperatures to infection with 8S. pullo- 
rum, daily temperatures were taken from 


2 to 10 days of age of 36 chicks that had 
been inoculated seven hours after removal 
from the ineubator. All were brooded at 
the optimum temperature of 35 C. for the 
first ten days and, thereafter, were kept in 
battery brooders to 3 weeks of age. 

A comparison of their average daily tem- 
peratures with those of normal controls not 
inoculated (graph 3) shows that infection 
causes a febrile reaction three to four days 
after inoculation. Mean body temperature 
at the peak of this fever was 106.8 F., com- 
pared with 105.5 F. in controls of the same 


age. This peak is followed by relapse to 
subnormal temperatures and a second rise 
which is sustained from seven to ten days. 

Temperatures of the inoculated chicks 
varied much more than those of normal 
controls, the standard errors in the two 
groups being + 0.27 and + 0.05, respec- 
tively, at 5 days of age. It seems probable 
that these variations in temperature five 
days after inoculation are directly related 
to resistance and susceptibility. As graph 
3 shows, inoculated chicks that later suc- 
cumbed showed an initial rise in response 
to infection practically the same as that in 
chicks which survived. However, tempera- 
tures of the susceptible chicks fell next day 
to about 104.6 F., which was 1.4 F. lower 
than the figure for chicks that survived. 
Thereafter, a second attempt to regain 
higher temperatures was successful in 
chicks that survived, but much less so in 
chicks that succumbed. 

In each of two other similar trials, tem- 
peratures were taken of 15 chicks to which 
inoculations with S. pullorum were given 
at 2 and 3 days of age. Among these, the 
course of temperatures following inocula- 
tion was much the same as that shown in 
graph 3, except that in chicks inoculated at 
3 days mean body temperatures remained 
at a lower level than in chicks inoculated 
at younger ages. 

Altogether these findings, which are sim- 
ilar to those of Kelly and Dearstyne ?* and 
Scholes and Hutt,”* suggest that resistance 
to S. pullorum is associated with superior 
control of the thermoregulatory mecha- 
nism. In chicks not inoculated, that supe- 
riority is shown by more rapid rise of tem- 
peratures after hatching. In chicks that 
are infected, those that can regain and 
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105.2 
104.8" 
104.4 
104.0 


Body temperatures (F) 


Survived 


Graph 3—Body tempera- 
tures at 1 to 10 days of 
age showing febrile reac- 
tion in inoculated chicks, 
and inability of suscep- 
tible chicks to maintain 
temperatures. 
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maintain high body temperatures survive, 
but those that can not do so succumb. 


RESISTANCE AND BLoop CELLS 

Techniques for Counting Cells.—Be- 
cause the number of leukocytes per milli- 
liter is much higher in birds than in mam- 
mals, a pipette for counting erythrocytes 
was used for counts of both erythrocytes 
and leukocytes. Blood was obtained from 
the vena basilica in the wing, diluted 
1:200, and the pipettes were then clamped 
and kept for several hours in a refrigera- 
tor to ensure adequate staining. Rees- 
Ecker’s solution, as recommended by Wint- 
robe ** for platelets, provided staining 
satisfactory for direct count of total 
leukocytes. 

For differential counts, 200 leukocytes 
were counted in different fields of blood 
smears stained with Wright’s stain. Since 
it was to the lymphocytes that Severens 
et al.** attributed resistance to S. pullo- 
rum, each leukocyte was classified either 
as a lymphocyte or not. It was sometimes 
difficult to differentiate between large lym- 
phocytes and monocytes, but as many as 


possible of the latter were identified by 


their comparatively large size, greater 
amount of cytoplasm and bluish staining. 

Total Cell Counts.—At 1, 5, and 11 days 
of age, average cell counts per milliliter in 
23 to 27 normal crossbred chicks were 2.95, 
2.71, and 2.85 millions, respectively, for 
erythrocytes and 13.2, 16.9, and 14.2 thon- 
sands for leukocytes. Although there was 
no significant change with age up to 11 
days, there was wide variation in counts of 
erythrocytes among different chicks on the 
same day and from day tc day. The counts 
given for these cells and for leukocytes 
agree well with those found by Cook and 
Dearstyne* and Olson.*® 

Differential Counts.—The proportion of 
lymphocytes rose steadily from one to 
eight days (table 5). These findings agree 
with those of Olson *® and of Severens et 
al.** Since the lymphocytes increase with 
age, it follows that the proportion of 
other leukocytes must be correspondingly 
decreased. 

To obtain the data shown in table 5, dif- 
ferential counts were made on 128 chicks 
from 2 sires and 20 dams. Not all were 
done each day. The number of chicks per 


dam varied only from 5 to 7, the average 
being 6.4. Mean proportions of lympho- 
eytes per family were computed from the 
counts on the second, fourth, and sixth 
days. Thus, the family average was based 


TABLE 5—Average Lymphocyte Counts of Unin- 
oculated Crossbred Chicks From 1 to 10 Days of 
Age, Expressed as Proportion of Total Leukocytes 


Days of age 


Chicks 
studied ( No.) 40 
Lymphocytes (%) 21.6 


on 15 to 21 determinations per dam’s fam- 
ily and ten times these figures for sires’ 
families. Statistical analyses showed that 
there were no significant differences be- 
tween the 2 sires or among the 20 dams 
with respect to the average lymphocyte 
percentages in their offspring. Similarly, 
the average lymphocyte percentage for 
families classified as high-temperature 
families did not differ from that for low- 
temperature families. It was 36.5 in both 
groups. 

Lymphocytes and Resistance.—Correla- 
tion between the lymphocyte count (%) 
in normal chicks and the mortality from 8. 
pullorum in inoculated chicks of these 20 
families was found to be only r= + 0.014. 
This indicates that there is no relation be- 
tween lymphocytes and resistance, How- 
ever, because the numbers of chicks per 
family varied somewhat in the tests of re- 
sistance, it was considered desirable to 
group several families at each extreme of 
the range in lymphocytes in order to re- 
duce any possible errors from each source. 
When the eight families ranking highest 
in lymphocytes (average, 38%) were com- 
pared with the eight lowest (average, 34.9 
%), mortality in inoculated chicks of the 
former group was 44.5 per cent, and in the 
latter one 45.7 per cent. No relation of 
lymphocytes to resistance is evident. 

Lymphocytes and Body Temperatures.— 
Sinee, as the foregoing studies have shown, 
both the proportion of lymphocytes and 
body temperature rise during the first 
eight days after hatching, it seemed pos- 
sible that there might be a direct relation- 
ship between these two variables. In that 
case both lymphocytes (as claimed by Sev- 
erens et al.**) and temperatures (as 
claimed by Scholes and Hutt **) could be 


‘ 
1 2 4 6 x 10 
85 122 122 72 121 
24.3 34.3 50.3 60.7 57.9 
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responsible for the conctirrrent rise in re- 
sistance to S. pullorum. 

To elucidate this point, the data were 
analyzed to determine whether or not these 


Brooder Temperatures 


Lympocytes ( Per cent) 


i 


L 
£ 8 © 

Days 
Graph 4—Lymphocyte counts at 1 to 10 days of 
age, showing depression in chicks brooded at low 
or high temperatures. 


two factors were related in families or in 
individual chicks. Among 20 dams’ fam'- 
lies the correlation (in chicks not inocu- 
lated) between mean body temperature in 
the first five days, and mean proportion of 
lymphocytes during the first six days was 
r= +0.19. In 40 chicks, comprising 2 
picked at random from each family, the 
corresponding correlation was r +-().20. 

These low coefficients of correlation in- 
dicate that there is only very slight rela- 
tionship, if any at all, between body tem- 
perature and proportion of lymphocytes in 
normal chicks. 

Effect of Changing the Body Tempera- 
ture upon Lymphocyte Count.—To deter- 
mine the effects of abnormal body tempera- 
tures on the propcrtion of lymphocytes, 66 
White Leghorn chicks, 1-day-old, were dis- 
tributed at random in three lots and 
brooded at 28, 35, and 40 C. Body temper- 
atures of these chicks (graph 1) saow that 
in those brooded below or above the opti- 
mum 35 C. body temperatures were corre- 
spondingly subuormal or above normal. 
Blood smears were prepared daily for ten 
days from 11 chicks in each group, but 


each chick was used only on alternate days 
to give it a 48-hour rest between blood 
tests. 

As graph 4 shows, in chicks brooded at 
28 or 40C., lymphoeyte counts were ¢con- 
sistently below those for chicks brooded at 
the optimum 35C. In chicks subjected to 
hyperthermia, the proportion of lympho- 
cytes was depressed farther below normal 
than in chicks brooded at subnormal tem- 
perature and having correspondingly sub- 
normal body temperatures. The adverse 
effect of high temperature was also evident 
in the slower growth of chicks brooded at 
40C. In these, the mean weight at ten 
days was 67.2 Gm. against 73.6 Gm. for 
chicks kept at normal temperature. The 
difference is highly significant (t — 2.89; 
£001). 

It is important to note that although 
experimentally induced hyperthermia de- 
presses the lymphocyte count (graph 4) 
and retards growth, nevertheless it does 
raise the resistance of chicks to 8. pullo- 
rum (table 4). 

Blood Cells of Inoculated Chicks.—Fol- 
lowing inoculation on the day of removal 
from the incubator, 30 infected chicks 
showed a decrease in total erythrocytes 
from 3.04 million per milliliter on the see- 
ond day to 2.62 million at eleven days. 
During this same period total leukocytes 
increased from 13.9 thousand per milliliter 
at two days to 33.5 and 36.5 thousand at 
seven and eleven days, respectively. 

Since these latter counts are at least 
twice the normal figures, the marked in- 
crease in leukocytes is clearly one response 
of the mechanism for defense against in- 
fection. Similar leukocytosis following Sal- 
monella infection was observed by Cook 
and Dearstyne,* Kelly and Dearstyne,' 
Taylor,** and Olson and Goetchius."’ 

Differential counts on these same 30 
chicks showed the proportions of lympho- 
cytes at two, seven, and eleven days to be 
22.5, 31.0, and 51.5 per cent, respectively. 
Since these percentages are somewhat 
lower than in uninoculated chicks at the 
same ages (table 5), the cells responsible 
for the rise in leukocytes in response to in- 
fection are probably the heterophils. Simi- 
lar relative decrease in lymphocytes and 
increase in heterophils was observed in 
chicks infected with S. pullorum by Kelly 
and Dearstyne * and, following infection 
with Salmonella gallinarum, by Cook and 
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Dearstyne.? In turkeys an increase of het- 
erophils after pullorum infection was noted 
by Wai and Stafseth.*® In our chicks the 
granular structure of the heterophils 


changed from the fairly uniform rodlike 
structures found in normal heterophils to 
small rods, or to large and small round 
crystalloids. 


THE SPLEEN AND RESISTANCE 


The belief of Severns, Roberts, ard 
Card ** that the number of lymphocytes is 
the chief factor affecting resistance to pul- 
lorum infection was apparently confirmed 
by the fact that the spleen, which is an im- 
portant source of lymphocytes, was larger 
in their resistant stock than in their sus- 
ceptible strain. However, since the former 
were White Leghorns and the latter Rhode 
Island Reds, the difference between them 
in size of spleen is evidently a difference 
between breeds and, hence, no more signifi- 
cant per se in relation to resistance than 
any other difference between White Leg- 
horns and Rhode Island Reds. 

To determine whether or not spleens 
differed in resistant and susceptible fami- 
lies of the same stock, weight of that organ 
at 4 days of age was determined in 19 
dams’ families, each of which provided 5 
chicks. These were the same crossbred fam- 
ilies that had been used for most of these 
experiments. In 50 chicks from ten high- 
temperature families (previously proved 
resistant) and 45 chicks from nine low- 
temperature families (previously proved 
susceptible), the mean weights of the 
spleen were 45.2 and 40.4 mg., respectively. 
Since spleen weight was found to be corre- 
lated with body weight (r= +0.31), the 
organ weights were regressed on body 
weights, after which mean spleen weights 
in these two groups were 44.7 and 41.7 mg. 
This difference is not significant. 

In these 19 families, the correlation be- 
tween weight of spleen and percentage of 


lymphocytes was r == —0.27. This negative 
correlation suggests an inverse relation- 
ship, rather than a direct one, between 
spleen size and number of lymphocytes. 
The correlation between weight of spleen 
and mortality from S. pullorum in inocu- 
lated chicks of these same 19 families was 
r = —0.18, which is too low to have much 
significance, if any. Altogether these data 
fail to show any importance of the spleen 
as a factor in resistance to S. pullorum. 


BREED DIFFERENCES IN RESISTANCE 


It was shown in earlier studies that 
White Leghorns are more resistant to 8. 
pullorum than are Rhode Island Reds.*° 
However, since both Hutt * and Severens 
et al.2* found that in White Leghorns the 
proportion of lymphocytes was higher than 
in the Rhode Island Reds, it seemed de- 
sirable to measure in different breeds both 
lymphocytes and resistance. 

The mean daily lymphocyte counts from 
1 to 10 days of age for 11 White Leghorns, 
120 Rhode Island Reds, and 30 crossbreds 
were consistently highest in the White Leg- 
horns (graph 5). It was surprising, how- 
ever, to find that counts in crossbreds were 
mostly lower than for Rhode Island Reds. 
As stated earlier, these crossbreds were °4 
White Leghorn, and 14 Rhode Island Red 
or New Hampshire. 

Chicks from these three stocks were in- 
oculated in three different experiments and 
carried to 3 weeks of age to measure their 
resistance to S. pullorum (table 6). In the 
first trial the culture was so highly viru- 
lent that mortality reached 87 per cent in 
both groups and completely obliterated 
any difference in susceptibility. Experi- 
ment 2 showed that the crossbreds were 
much more resistant than the Rohde Is- 
land Reds. This was confirmed in experi- 
ment 3, which showed a highly significant 
difference between these two and yielded 
the additional information that the cross- 


TABLE 6— Breed Differences in Resistance to Salmonella Pullorum 


Ex Chicks 
peri- inoculated 


ment Breed 


Significance of 
difference 


l Crossbred 
Rhode Island Red 
Crossvred 
Rhode Island Red 
White Leghorn 
Crossbred 
Rhode Island Red 


| 
J 2 P 
(No.) No (%) x 
™ 54 47 87.0 | 
33 29 88.0 § : 
10 3 20.0 | 2.23 0.10 
24 15 62.5 
53 3 5.7) 
7.57 <0. 
50 3 6.0 } 7.578 0.01 
49 14 29.6 } : 
. 
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breds were practically as resistant as the 
Leghorns. 

Since the resistance shown by the cross- 
breds in comparison with the White Leg- 


White Leghorns 


ao 8 & 


“A 


Rhode Isiand Reds 


Lymphocytes (Per cent) 


WwW 
o 


Days 

Graph 5—Lymphocyte counts in two breeds and 

crossbreds at 1 to 10 days of age; all brooded at 

the normal 35 C. 


horns and Rhode Island Reds (table 6) 
bears no relation whatever to the lympho- 
cyte counts in these three breeds (graph 
5), it is impossible to ascribe to the lym- 
phoeytes any special role in resistance to 
S. pullorum. 


TEMPERATURE, METABOLISM, AND THE 
NATURE OF RESISTANCE 

To the best of our knowledge, the ther- 
mal death point for S. pullorum has not 
been determined. The fact that Lamoreux'® 
found some hens that reacted to the agglu- 
tination test for this organism to have tem- 
peratures over 109 F. suggests that the 
thermal death point must be still higher. 
Clearly the relatively high resistance asso- 
ciated with mean chick temperatures 
around 105 F. for the first five days can 
not be attributed to destruction of invad- 
ing bacteria by high temperatures alone. 

It was suggested by Scholes and Hutt ”” 
that higher temperatures are associated 
with higher rates of metabolism and, thus, 
with acceleration of defense mechanisms, 
particularly phagocytosis. According to 


DuBois,* metabolism in man follows fairly 
well van’t Hoff’s law for chemical reac- 
tions, which holds that each rise in temper- 
ature of 10 C. causes a doubling of activity. 
Moreover, Fenn® has shown that the rate 
of phagocytosis is almost a logarithmic 
function of temperature. 

Such an interpretation is supported by 
the fact that White Leghorns, which are 
more resistant to S. pullorum than Rhode 
Island Reds, have higher basal metabolic 
rates than the latter breed.*° To test 
this association without complications 
caused by other differences between breeds, 
basal metabolic rates were determined for 
72 chicks from our high-temperature (re- 
sistant) families, and 72 from the low-tem- 
perature (susceptible) families, all chicks 
being thus of the same crossbred stock. 

For these tests a modified Haldane ap- 
paratus was used. The period of actual 
measurement of gas exchange (2 hours) 
was preceded by a preliminary half hour 
of confinement in which no records were 
made. The rate of ventilation was 5 liters 
per minute. Environmental temperature 
was 27 C. in the first trial and 25 C. in the 
second, both being in the zone of thermic 
neutrality. Production of CO, was deter- 
mined directly from the gain in weight of 
the CO, absorber (NaOH). Consumption 
of O, was measured indirectly by gain in 
weight of the water and CO, absorbers, less 
the loss in weight of the chicks. 

In trial 1, 48 chicks from each group 
were tested (all 48 together) when 5 days 
old, after fasting for five hours. Since 48 
chicks crowded the chamber somewhat, in 
trial 2 only 24 chicks of each group were 
tested, and the fasting period was extended 
to fourteen hours. Results (table 7) were 
almost the same in both trials. Heat pro- 


TABLE 7—Differences in Basal Metabolism of 
Chicks from High- and Low-Temperature Families 
at 5 Days of Age 


Heat 
produc 
tion” 
calories 


CO. 
given off 
(Gm. ) 


Chicks 
(No.) 


consumed 


Type of family (Gm.) 


Trial 1 
High temperature 48 
Low temperature 48 


Differences 
Trial 2 
High temperature 24 
Low temperature 24 
Differences 


* Per hour, per kilogram 


BA 
75 
70 
Cross Bred 
"eq 
~— 
/ 
4 
i 
12.10 9.75 8.29 ° 
15.80 8.35 6.96 
+1.40 +1.33 
5.86 6.55 9.86 
5.33 5.00 8.16 
+-0.53 +1.55 +1.70 
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duction by chicks of the high-temperature 
families, when compared with those of low- 
temperature families, was greater by 19.1 
and 20.8 per cent in trials 1 and 2, respee- 
tively. 

Although it is difficult to say whether 
high body temperatures (and the superior 
control of the thermoregulatory mechanism 
which they indicate) are the cause or the 
result of the greater metabolic activity of 
high-temperature families, it is clear that 
both are associated with resistance to S. 
pullorum. Presumably, that resistance re- 
sults from acceleration of phagocytosis, 
bacteriolysis, or production of antibodies 
at the higher temperatures. 

In similar studies with S. gallinarum, 
Bell * also found his resistant strains to be 
characterized by higher temperatures and 
better control of temperature than were 
chicks of a susceptible strain. However, 
since his resistant strains were White Leg- 
horns and their descendants while his sus- 
ceptible strain was New Hampshires, his 
results may have been confounded by phys- 
iological differences between these breeds. 
This applies also to his conelusion that 
polymorphonuclear leukocytes in the re- 
sistant strain were better able to digest 
bacteria than the same cells in the suscep- 
tible strain. 

Discussion 

In support of their claim that resistance 
to S. pullorum depends on the number of 
lymphocytes, Roberts et al.*° subjected 
chicks to x-ray treatments and thereby 
lowered both the number of lymphocytes 
and resistance. Similar experiments made 
by Scholes,** using a dosage slightly less 
severe, led him to conclude that any redue- 
tion of resistance by such treatment could 
as well be attributed to the lesions thus 
induced in the liver and intestines as to 
anything else. Temperatures of x-rayed 
chicks were also reduced. 

Subsequently, Roberts et al.'® again low- 
ered lymphocyte counts and resistance by 
x-ray treatment, reaffirmed their belief 
that these cells are the impertant factor in 
resistance, and concluded that there is no 
relationship between temperature and re- 
sistance. The lesions found by Scholes 
were not mentioned. 

The attempt cf Roberts et al. to relate 
temperature of a chick on 1 of its first 3 
days to its resistance is not justified be- 


cause body temperature of a chick varies 
greatly from day to day at that age. Av- 
erage temperatures from five daily read- 
ings give some idea of the chick’s thermo- 
regulatory ability but one reading does 
not. Moreover, the body temperatures re- 
corded by them on the second and third 
days were abnormally low (102.97 and 
103.72 F.) which suggests that their brood- 
ing conditions (or the recording) were un- 
satisfactory. (Corresponding figures for 
normal chicks in the present study were 
104.6 and 105.3 F.) In spite of this, when 
their chicks were classified according to 
average temperatures during the first three 
days, then divided into two groups, one 
above average (31 chicks in each breed) 
and one below (29 chicks in each breed), 
mortality to twenty-one days in inoculated 
chicks was as follows: 
Temperatures 


Above 
average 


Below 
average 
10.4% 
48.2% 


White Leghorns.............. 3.2% 
New Hampshires............ 44.8% 


These results, though limited in scope, 
are in accord with our own conelusion that 
resistance is greater in the chicks with 
higher temperatures. 

Unfortunately, the conclusions of the 
Illinois workers about differences between 
resistant strains and susceptible ones have 
to be discounted considerably because their 
resistant strains were White Leghorns but 
their susceptible one was either Rhode Is- 
land Red ** or New Hampshire.’® Apart 
from the more obvious differences between 
White Leghorns and these heavier breeds 
in form and color, there are several impor- 
tant physiological differences as_ well.” 
Among these, at least two are related to the 
present problem. Adult White Leghorns 
are more resistant to extreme heat’ and, 
in chicks of that breed, body temperatures 
rise more quickly after hatching.’*** 
The White Leghorns clearly have _bet- 
ter control of the thermoregulatory mech- 
anism than the heavy breeds. As the 
studies reported in this paper show, that 
difference is much more important than 
the breed difference in lymphocytes on 
which the Illinois workers concentrated 
their attention. 

SUMMARY 


Body temperatures and counts of blood 
cells were recorded daily from 1 to 10 days 


— 
. 
. 
. 
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of age for 225 normal crossbred chicks 
from 2 sires and 22 dams, all brooded at 
the optimum temperature of 35 C. Temper- 
atures rose rapidly during the first five 
days to a mean of 105.8 F. and, thereafter, 
more slowly to 106.4 F. at ten days. 

Significant differences were found be- 
tween the 2 sires and among the 22 dams 
in mean temperature of their chicks at one 
to five days. Ten high-temperature fami- 
lies were differentiated from 12 low-tem- 
perature families as being above or below 
the one- to five-day mean of 104.6 F. for 
the whole group. Other samples from the 
high-temperature families maintained con- 
sistently higher body temperatures than 
chicks of the low-temperature families 
when both lots were brooded at 30C., but 
this genetic difference between the groups 
was obliterated in chicks brooded at 40C. 

When 621 additional chicks from these 
families were inoculated with Salmonella 
pullorum, mortality was consistently and 
significantly lower in chicks of the ten 
high-temperature families than in the oth- 
ers. Among 145 chicks from the sire and 
dams that had produced high-temperature 
families, mortality was 31.7 per cent but, 
in 129 chicks from low-sire, low-dam fami- 
lies, mortality was 67.4 per cent. The nega- 
tive correlation between familial tempera- 
ture of normal chicks and mortality of 
their inoculated siblings (r= —0.49) was 
significant and fairly high. 

Susceptibility of inoculated chicks was 
inereased when they were brooded at low 
temperature (30C.) but was consistently 
reduced in chicks subjected to hyperther- 
mia by being brooded at 40 C. 

Among inoculated chicks, those that sur- 
vived maintained temperatures higher than 
did those that died, following an initial 
fever in both groups. 

Familial differences in lymphocytes (% ) 
were small, statistically insignificant, and 
unrelated to mortality of inoculated chicks 
(r== +0.014). Brooding chicks at 40C. 
depressed lymphocyte count but raised 
both body temperature and resistance. In 
chicks brooded at 28 C., lymphocyte counts 
were depressed somewhat less but tempera- 
tures and resistance were much reduced. 

Following inoculation, total leukocytes 
increased to more than twice the normal 
figure but, since the.proportion of lympho- 
cytes fell below normal, the cells that in- 


creased in response to infection were more 
likely to have been the heterophils. No sig- 
nificant relation could be detected between 
size of spleen and resistance. 

In comparisons of breeds, White Leg- 
horns had consistently higher lymphocyte 
counts (%) and much greater resistance to 
S. pullorum than Rhode Island Reds. How- 
ever, crossbred chicks (%4 Leghorn) had 
lymphocyte counts even lower than in 
Rhode Island Reds but were equal to the 
White Leghorns in resistance. 

Metabolism tests showed the heat pro- 
duetion of chicks from the high-tempera- 
ture families to be greater by about 20 per 
cent than that of chicks from low-tempera- 
ture families. 

It is coneluded that high body tempera- 
tures at one to five days and the superior 
thermoregulatory control associated with 
them accelerated defense mechanisms such 
as phagocytosis, bacteriolysis, and the pro- 
duction of antibodies. 
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Quantitative Aspects of Newcastle Disease Virus Infection— 
Effect of Route of Infection on the Susceptibility of Chicks 


A. KOHN, Ph.D. 


Ness-Ziona, Israel 


Iv 1s generally believed that Newcastle dis- 
ease (ND) is primarily a respiratory dis- 
ease and as such is mainly transmitted 
through the air.*:** Experimentally, chick- 
ens may be infected by intranasal or intra- 
tracheal instillation *****° or by allowing 
the birds to breath a Neweastle disease 
virus (NDV) aerosol.?:**** In several 
instances, epizooties were reported from 
farms where no other contact than through 
the air could be demonstrated. It is also 
known that birds may be infected through 
the alimentary route, although seldom has 
simultaneous respiratory infection been 
excluded. During an early period of the 
disease the virus may be found in the in- 
testinal tract,’® in feces,’®:** and in respira- 
tory mucus.*° 

Which route of infection, the alimentary 
or the respiratory, is more important un- 
der natural conditions is still a matter of 
conjecture. The experiments to be de- 
seribed in this paper throw some additional 
light on the quantitative aspects of infec- 
tion by various routes and on the epizooti- 
ology of the disease in general. 


MATERIALS AND METHODS 


Virus—A highly pathogenie strain of NDV 
(designated ‘‘HP’’) was used in this study. It 
was isolated during an epizootic in 1950 and e¢ar- 
ried since through approximately 50 passages in 
embryonating eggs. When tested in 1952 on a 
group of 7- to 14-day-old susceptible chicks, it 
caused 90 per cent mortality on infection by con 
tact. The pathogenicity of this strain remained 
the same in the present series of experiments. On 
(experiment 1, table 3) avirulent, 
Komarov’s Haifa vaceine virus” ” The 
from in- 


one occasion 
was used. 
fluid 
fected embryos, forty-eight to seventy-two hours 


virus was harvested as allantoic 


after inoculation, and stored in a refrigerator at 
4 to 6C. for a period not exceeding one month. 
During this period the titer of the virus did not 
change appreciably. For use, the infected allan- 

From the Israeli Institute for Biological Research, 
Ness-Ziona, Israel. 

The author is indebted to Dr. S. Bornstein of the gov 
ernment Poultry Field Laboratory for valuable comments 
and criticism and to Miss Eliza Goldberg for technical 


assistance. 


toie fluid was diluted in phosphate buffer M/15 of 
pH = 6.8 — 7.1, or in distilled water. 
Chickens.—The chickens were hatched in a labo- 
ratory incubator from eggs obtained from com- 
mercial flocks which had been vaccinated against 
ND. According to Bornstein,‘ such chicks exhibit 


NERVOUS 
SYSTEM 


| 


Fig. 1—Infection cycles of Newcastle disease virus 
in nature. 

first three 

exceptions, the 


partial passive immunity during the 
weeks of their life. With two 
chicks empioyed in this study 
weeks of age. 

Cages.—After infection, each chick 
in a separate wire cage with individual feed and 
water supply. The animal room was irradiated by 
four ultraviolet lamps (40 uw./1 sq. em. at a dis- 
tance of 1 m.).* The birds were protected from 


> 


were 3 or more 


was housed 


direct radiation by cardboard covers on top of the 
The bottom of each cage was provided with 
filled with Spilled food 

directly into This ar- 
satisfactory and no 
control chicks 
identical 


cages. 
a removable 
and droppings fell 
was found to be 


tray lysol. 


lysol. 
rangement 


eross infections were observed in 
held in the 


conditions. 


same room and under 


Intramuscular Exposure.—The virus was in- 


Sterilamp, WL 782-30, Westinghouse Electric Corp 
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jected into the pectoral muscle, next to the sternal 
septum in a 0.1-ml. volume. 

Alimentary Exposure.—For alimentary infec- 
tion, the virus suspension was introduced directiy 
into the crop by means of a thin polyethylene tub- 
ing attached to a syringe. More diluted suspen- 
sions were introduced before less diluted ones and 
the tubing was well wiped each time with an aleco- 
hol-soaked cotton pledget. This method of admin- 
istration of the virus into the alimentary tract was 
chosen in order to prevent contamination of the 
respiratory passages from the oral cavity (this 
was reported as possible when chickens were fed 
Salmonella-infeeted food or water, directly or by 
a pipette inserted into the mouth).” The volume 
of NDV suspension administered into the erop was 
0.5 or 1.0 ml. 

Intranasal Exposure.—For intranasal inocula- 
tion, the chicks were anesthetized with ether until 
disappearance of the swallowing reflex, and then 
virus suspensions (0.1 or 0.2 ml.) were dropped 
into the nostrils by means of a syringe equipped 
with a blunt needle. 

Intratracheal Exposure.—The chicks were anes- 
thetized with ether as described above. The beak 
was opened and the virus suspension (0.1 ml.) 
was introduced through the laryngeal slit into the 
trachea by means of a bent, blunt hypodermic 
needle. 

Aerosol Infection.—Equipment for Exposure.- 
For satisfactory aerosol infection a special cham- 
ber was constructed, based mainly on the design 
of Weiss and Segeler™ and Gogolak.’ The appara- 
tus is diagramatically shown in figure 2. The virus 
suspension nebulized by reflux 
nebulizer (N in fig. 2) as Ferry 
et al.” This nebulizer was found to produce an 
aerosol of droplets with an average diameter of 
5 to 10 w. The nebulizer sprayed 0.25 ml. of sus- 
pension in thirty minutes at 200 mm. Hg pressure 
and 1.8 liters per minute of air flow. The aerosol 
mixed Venturi arrangement 
with air of desired humidity and let through a 
(25 mm.), inverted-U, glass tube into 
the exposure chamber (E). At the flow rate em- 
ployed, the two 
This time was more than sufficient for a 
complete drying of the droplets to droplet nuclei ” 
at a relative humidity of less than 75 per cent. 
The size of droplet nuclei, consisting of dried vi- 
not to 
have exceeded 1 w. This size of aerosol particles is 
known to be maximally retained in 
lungs. 

The exposure chamber was made of a eylindri- 
eal glass jar of 12-liter capacity and large enough 
to hold 6 chickens comfortably. A cireular, alumi- 


means of a 
deseribed by 


was 


was by means of a 


wide-bore 


aerosol reached the chamber in 


seconds. 
rus and suspending salts, was calculated 


mammelian 


num-top plate was sealed to the jar by means of 
From 
drawn 


four hinged and butterfly-nut serewed rods, 


the exposure chamber, the aerosol was 


either through an impinger (IM) at the rate of 
8.8 to 9.2 liters per minute or was led through a 


bypass at the same rate of flow to a resin-wool 


filter+ and a flow metert to a vacuum pump. The 
relative humidity of the air in the chamber was 
measured by means of dry and wet bulb thermom- 
eters (HM) inserted in the bypass. The whole 
apparatus was held at a negative pressure of 40 
to 80 mm. water, as indicated on a manometer 


Fig. 2— Apparatus for respiratory exposure of 
clicks to Newcastle disease virus. 


(WM) connected to the exposure chamber. The 
diluting air (7 to 7.4 liters per minute) was ob- 
tained from a separate compressor which blew the 
air in two streams, one passing through silica gel 
and NaOH pellets (D,D) and the other through 
two gas-washing bottles filled with water (H,H). 
By combination of varying proportions of these 
two streams, the desired humidity could be 
obtained. 

Methods of Exposure.—Chickens 
dueed into the chamber, the lid closed, and the di 
luting air was passed through at the rate of 9 
liters per minute. The pressure inside the chamber 
was adjusted to —80 mm. of water and nebuliza 
tion of virus suspension begun. At the same time, 
a stop watch was started. Necessary adjustments 
were made in the flow of the diluting air in order 
to equilibrate the total flow at a negative pressure. 
The nebulization continued for twenty to thirty 
minutes; it was experimentally found that the 
cloud concentration practically reached its maxi- 
mum value one and one-half minutes after begin 
ning of nebulization. At the end of the exposure 
period, the nebulization was stopped and the cham 
ber was ventilated for fifteen minutes at 15 liters 
per minute of air flow. This rate of ventilation 
resulted in complete clearing of the chamber air 
of the nebulized virus. he chambe; then 
opened, the exposed chickens were remoyed to 
their individual eages and the glass jar 
cleaned and wiped with aleohol. A new batch of 
chickens was placed in the dry chamber to be ex 
posed to a higher concentration of virus. 

The chickens could be observed in the chamber 
throughout the experiment. Usually, they moved 


were intro 


was 


was 
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about for a few minutes after their introduction 
into the chamber but soon, having found the most 
comfortable position, -remained quiet for the dura- 
tion of their exposure. Spraying of virus was not 
started until the chickens became quiet. 


Fig. 3—Schematic diagram of the arrangement for 
measuring respiratory volume of chicks. 


At various times during the exposure period, 
samples of cloud were drawn through bubbler- 
impingers containing buffered gelatine solution.” 
Usually two, five-minute samples were taken dur- 
ing each exposure period. The suspension in the 
impinger was then treated with 5 ug. streptomycin 
per 1 ml. of suspension * and titrated for its NDV 
content in embryonating eggs in three- and five- 
fold dilution steps. The concentration of NDV 
per liter of air (Cv) was then ecaleulated (Reed 
and Muench method™) from the dilution recipro- 
eal (D) at which 50 per cent of the embryos died 
(e.l.d.sco), the known volume of air which 
through the impinger (Va), the efficiency of the 
impinger (E), the volume of the collection fluid 
in it (Vf), and the volume of suspension inocu 
lated (Vi): 


passed 


VfxDx100 
Vix Vax E 


Cy (in e.l.d.so) = 


When the concentration of NDV in the air (Cv 
was determined as above, the amount of virus in- 
haled by the chicks was calculated as: dose inhaled 
(in e.l.diso) = Tx RvxCv; where T was the time 
of exposure in minutes and Rv the respiratory 
volume of chicks in liters per minute. 

Determination of the Respiratory Volume of 
Chicks.—The respiratory volume of chicks 
experimentally determined in the following way. 
Chickens of weights varying between 100 and 800 
Gm. were put in a wooden box (W in fig. 3) so 
that only their heads protruded. The beak 
pushed to above the nostrils through a siit in a 
rubber membrane into a glass funnel. The funnel 
was connected to two test tubes as shown in the 
diagram. The expired air, having passed through 
tube B, was led to a gasometer which measured 
its volume in a given period of time (it was shown 
that either inspired or expired air could be meas- 
ured in this way without any difference in the 
results). Test tube A acted as a one-way valve 


was 


was 


for the inspired air and test tube B served a simi- 
lar purpose for the expired air; in each, the inlet 
and outlet tube was dipped approximately 2 to 3 
mm. in water, so that resistance to flow of air was 
negligible. 

Before determinations of 
were made, the chickens were held in position in 
the box until quiet and until their breathing be- 
came regular. Readings of the volumes of air 
breathed by the chicken were then taken during 
three-minute periods at ten- to fifteen-minute in- 
tervals and the average for the tested chicken 
was plotted on a graph (A in graph 1). From 
these data, a formula was caleulated correlating 
the weight (W) of the chicken with its respira- 
tory volume (Rv). It found to be: Rv 
0.78 (+0.12) W —16 (+23) ml. per minute. This 
formula differs from Guyten’s calculations” for 
2.1 W** (eurve B in graph 1). 

For chickens, weighing less than 200 Gm., the 
two formulas give almost identical results but, 
above this weight, the chickens breathe compara- 
tively more air than rabbits or guinea pigs of the 
same weight. This is probably due to a different 
method of breathing employed by birds; the air 
moves through their respiratory system in one 
direction ™ and does not reverse the direction of 
flow in the alveolar inspiration to 
expiration, as it does in mammals. 


respiratory volume 


was 


small mammals: Rv 


ducts from 


Disease Virus in 
intracrop in 
HP strain of 
daily, weighed 


Newcastle 
were infected by 
e.l.dso of the 


were 


Determination of 
Feces.—Chickens 
stillation with 10’ 
NDV. Droppings 
and mixed with 2.5 volumes of phosphate buffer 
(pH =7.0), then homogenized in a Waring blendor, 
and centrifuged. The supernatant was treated with 
streptomycin (10 ug./l1 ml.) and titrated for the 
presence of NDV in 10-day-old chicken embryos. 
After the death of the chicken, its lungs, brain, 
and intestinal contents were aseptically removed, 
homogenized, then treated as 


collected 


weighed, separately 
above, and the viral content determined. 


RESPIRATORY 


10 068000 «04000 600 800 
WEIenT Gms. 


Graph 1— Correlation of respiratory volume of 
chicks with their weight. 
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Morbidity and Mortality of Chicks.—The infee- 
tion of chickens was determined by clinical symp- 
toms, respiratory and neurological. In most eases, 
the infection terminated in paralytic death. All 
birds which did not show any signs of the dis- 
ease were bled on the ninth or tenth postexposure 
day, and the hemagglutination-inhibition (HI) titer 
of the serum determined by the beta procedure. 
On the fourteenth to sixteenth day, all surviving 
chickens were challenged intramuscularly with 10° 
to 10° e.l.d.so of virulent NDV (HP) in order to 
detect those birds which, in spite of a negative HI 
titer, had become immune us a result of exposure. 
The infective dose for 50 per cent of chickens 
(c.i.d.co) was finally determined by the Reed and 
Muench method™ and expressed in e.1.d.se. 
larly the 50 per cent lethal dose was caleulated 
(e.l.d.co)}. In some experiments, upper or 
limits of infectivity were not reached. In 
eases the results were expressed as more 
than a certain value, or less (— 
value. 


Simi- 


lower 
such 
(+) 
than a certain 


RESULTS AND DISCUSSION 


Intranasal Exposure.—The infective and 
lethal doses of NDV by various routes, as 
determined experimentally in chickens, are 
presented in table 3. The intranasal infee- 
tive dose of both, the HP strain and the 
Haifa strain, was found to be about 5,000 
e.l.d:,, for chickens of 30 to 70 days of age. 
For 7-day-old, parentally immune chicks 
this dose was apparently fivefold higher 
(strain HP, table 3, experiment 17). The 
comparatively large amount of virus re- 


quired to infect a chicken by the intranasal 
route as compared to the intratracheal or 
aerosol-respiratory routes (see below) seems 
to be at first sight puzzling. It has been 
shown, however, by Bowers et al.® that 
when influenza virus or Serratia were in- 
tranasally instilled into mice, not more 
than 15 per cent of the inoculum could be 
later found in the lungs and, in many 
mice, no virus or bacteria could be demon- 
strated in the lungs. Similar results were 
obtained by Schechmeister* and Wells 
and Henle ** when they infected mice in- 
tranasally with influenza virus. With vi- 
ruses, however, one has to consider the 
possibility of disappearance of virus due 
to an eclipse phase after infection of the 
respiratory epithelium of the lungs. 

Our own experiments performed on ether- 
anesthetized chicks with India ink showed 
that the instilled material mostly entered 
the esophagus and partly remained in the 
nasal passages and in the mouth eavity. 
Only in fully anesthetized chicks that ex- 
hibited no swallowing reflex was India ink 
found in the trachea, and then only a very 
small portion of it. The normal procedure 
of intranasal instillation of NDV vaccine 
is performed on waking birds; most of the 
instilled material is swallowed and only a 
part of it coats the nasal mucosa. No virus 
is expected to pass the laryngeal slit. It 


TABLE 1—Determination of Concentration of Newcastle Disease Virus (NDV) in the Air During 
Aerosol Exposure of Chickens* 


Total 
amount 


Total 
Sam air tive 
of NDV (VF) pling passed humid- 
sprayed imping time (li ity 
(e.l.d.so) ers (ml.) (:nin.) ters) 


Volume Rela 
liquid 
Expo 
sure 


group (%) 


6.0 x 10° 


Recov 


@.1.d.so 


Results of titrationt 
per 


Log Deaths 
dilu of em- 
tion bryos 


5,620 1.47x10* 


& 


| 
| 


15,000 


one 


5,010 1.38 x 10* 


* See experiment 10, table 3. 


+ (Total amount of virus 


recovered from the air) X 100 = percentage. tf Inocu 


Total amount of virus sprayed 


lum 0.2 mi. 


§ Concentration of NDV in titer of air (e.l.d.so) corrected for efficiency of sampling (EF 


95 %) 


ery? 
of NDV e.l.d.so liter 
in the Log per air 
air (%) ml (Cv Cv. E § 
0.5 4/4 
22.2 6 54.0 75 4.4 1.0 4/4 1.66 416 94 
1.5 3/4 
B 0.7 4/4 95 
26.8 6 54.6 75 1.4 1.4 3/4 1.63 4 105 
2.1 0/4 
1.0 4/4 
( 5.0 x 10* 24.7 5 46.0 70 6.2 Rue 3/4 2.63 427 1,140 1,250 
2.4 3/3 
3.1 0/4 
2.0 4 
24.1 5 46.0 79 6.4 3.0 4 3.75 CCC 
4.0 1 
. 5.0 0 
2.7 
25.4 3 46.0 79 6.4 3.4 3.69 CC 
4.1 
4.8 
‘ ‘ 
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may be assumed, therefore, that the dose 
required to infect chickens by the nasal 
route is high because the nasal mucous 
membrane is less susceptible to virus than 
is that of the lower respiratory tract or 
that the virus infects via the intestinal 
tract. It will be seen later that the second 
alternative is not acceptable as the amount 
of virus required to infect through the in- 
testinal tract was found to be much higher 
than that which was sufficient to infect 
through the nose. 

Aerosol Exposure.—By the aerosol route 
the chickens were infected when breathing 
110 to 133 e.l.d.;, (ages, 22 and 24 days). 
Results of a typical experiment in which 
respiratory-aerosol infection was measured 
are given in tables 1 and 2. The aerosol 
dose was thus found to resemble closely 
the intratracheal dose (see below) and to 
be 40 to 45 times lower than the intranasal 
dose. According a previous study,’ 100 
e.l.d.,. of Haifa virus vaccine were suffi- 
cient to immunize chicks by inhalation. Re- 
caleulation of quantitative data presented 
by Sinha, Hansor, and Brandly,** on aero- 
sol exposure of chicks to strains of NDV 
of high or low pathogenicity but of similar 
pneumotropism, «s well as the data of the 
same authors on results of aerosol expo- 
sure of chicks to the GB strain,** revealed 
them to be in close agreement with our 
findings. 

Intratracheal Exposure.—The amount of 
virus required to infect 13- to 48-day-old 
chickens intratracheally ranged between 50 
and 100 e.l.d.,, This amount is comparable 
to that causing disease by inhalation. These 
results lend support to the hypothesis that 


the natural site of infection is the lower 
respiratory passages. 

The results of a respiratory infection, 
aerosol or intratracheal, depend on the 
quantity of virus inhaled or instilled. 
When infection was initiated by limiting 
doses, its result was not always lethal. 
Some chickens developed respiratory symp- 
toms, followed sometimes by paralysis, and 
finally recovered; in others, the infection 
could be detected only by a rise in the HI 
titer or by their resistance to intramuscu- 
lar challenge with highly pathogenic NDV. 

Intramuscular Exposure.—The infectious 
dose by the intramuscular route was found 
to be 70 to 90 times lower than that re- 
quired by intranasal instillation (table 3, 
experiment 14, 14a). The incubation pe- 
riod of the disease was two to three days 
shorter after intramuscular inoculation 
than after intranasal instillation. These 
facts are important in considerations of 
desirability of either route of inoculation 
for efficient vaccination of flocks. Compar- 
ative studies on vaccination with live virus 
by intranasal instillation and intramuscu- 
lar injection have been reported * and the 
conclusion was reached that the intranasal 
route was the more sensitive one. How- 
ever, in our opinion such comparisons re- 
quire two qualifications: (1) the quantity 
of virus introduced into the organism is 
important in determining the course of in- 
fection and the immune response—Hitch- 
ner ‘* warns against a breakdown in im- 
munity due to excessive exposure by the 
respiratory route with a resulting high 
mortality of chicks; and (2) data pre- 
sented in this paper indicate a large dif- 


TABLE 2—Determination of I.D.5 of Newcastle Disease Virus (NDV) Strain HP by the Respiratory 
(Aercsol) Route in 24-Day-Old Chickens After a Twenty-Minute Exposure* 


Ave. 

respir- 

atory 

No. of Ave. volume 
chicks wt. (m!}./ 
exposed ~Gm.) min.) 


Exposed 
Total 
virus 
inhaled 
(e.1.d.s0) 


Results of infection 


No. of chicks 


Died of 
NDV 
without 
symp- 
toms 


HI titer? 
of symp 
tomless 
sur- 
vivors 


Ratio 
infected 
to ex- 
posed 


Suscep 
tible 
to chal- 
lenget 


6 110 70 13 


6 108 7 133 

6 128 2,100 

6 115 15,000 21,000 


All 6 0/6) 
negative 
40 3 
160 
80 
All 
negative 


* See also experiment 10, table 3. 
days after exposure. § Expressed in e.1.d.s0. 


+ Hemagglutination inhibition 


titer. 110° e.l.d.so, intramuscularly, fourteen 


| 
Sick 
Expo- and 
sure para- 
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A 
1 1 133 
5 
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ference in infectivity of NDV (HP) when 
administered by different routes. Conse- 
quently, it appears desirable that the com- 
parisons of various routes of vaccination 
with live virus be based on response to 
equal infectious doses. Up to now, what 
has been usually compared in published 
work, was the response to virus vaccines of 
equal titers. If, for instance, we had in- 
jected an equal amount of the HP strain 
(e.g., 4 x 10* el.d.,,) to 2 chicks, to 1 by 
the intramuscular and to the other by the 
intranasal routes, the first would have re- 
ceived about 1,000 infectious doses and the 
other only ten. 

Comparison of susceptibility of paren- 
tally immune chickens to intramuscular in- 
jection of NDV revealed that 8-day-old 
chicks were much more refractory than 31- 
day-old chicks taken from the same flock 
(table 3, experiment 14 and 14a). The re- 
sistance of the younger group was 600 
times higher than that of the older group, 
in confirmation of findings of Bornstein.** 
Similar experiments with parentally im- 
mune, 1-week-old chicks from another flock 
showed them to be less sensitive to NDV 
administered by the intranasal route (ex- 
Comparison of the results 


periment 17). 
of experiments 14 and 17 indicates a higher 
resistance of younger chicks to infection 
by both the intranasal (sixfold) and the 


intramuscular (eightfold) routes. It may 
be also seen that in spite of a similar age 
of chickens in experiments 14a and 17, 
those in 14a were much more resistant to 
intramuscular exposure. This was prob- 
ably due to a different level of parental 
immunity present in chicks hatched from 
eggs obtained from different flocks. 

Alimentary Exposure—— Alimentary in- 
fection could be initiated by doses of 20,000 
e.l.d.,. in chickens 34 days old. This result 
clearly places the alimentary route as the 
least sensitive one to the strain HP and 
probably also less important in the natural 
spread of the disease. 

The use of drinking water as a vehicle 
for the vaccine virus has recently been ad- 
vocated.*° That such type of vaccination is 
very economical in saving of labor, needs 
no elaboration. The question remains, how- 
ever, what should be the minimum concen- 
tration of virus vaccine in drinking water 
which would suffice to immunize chickens? 
Our findings indicate that this concentra- 
tion should exceed 20,000 e.l.d.,, in the 
volume of water which a chick is expected 
to drink in a few hours. 

No quantitative studies have been re- 
ported on NDV exereted in feces. Van 
Waveren and Zuijdam,”® working with va- 
rious strains of Neweastle vaccine virus, 
demonstrated its presence in feces of vac- 


TABLE 3—Comparison of Infectivity of Newcastle Disease Virus Administered to Chicks by 
Various Routes * 


Age of 
chicken 
(days) 


Exper- 
iment 
No. 


Intra- Intra- 


nasal 


tracheal 


(¢.l.d.go) by route 


Intra- 
muscular 


Respiratory 


(aerosol) Alimentary 


1 5,000 
6 


25,000 


+3,000 


20,000 
(63,000) 


(400) 
30,000 
370 


Ave. ¢.i.d.so 
(experiments 
1 to 14) 


4,500 


20,000 45 


* In all experiments, with exception of No. 
vaccine virus was employed. 
lethal doses (e.1.d.s0). 


1, HP strain was used. 
+ The numerators express the infectious doses (50%) for chickens in embryo 
The denominators (in brackets) similarly express lethal doses for chickens. 


In experiment 1, Komarov's Haifa 


Titration end point not reached; more than the number stated. 


° 
*e 
|) 
110 
8 22 +800 
(250) 
(+300) 
33 
10 24 
(435) 
12 48 100 
4,000 45 
l4a 
17 7 250 
Cw 
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cinated birds up to the nineteenth day 
after inoculation but quantitative data 
were not given. Our experiments showed 
that after alimentary exposure (intracrop 
instillation) the HP virus did not appear 
in feces. for the first two days; it could be 
detected in the droppings from the third 


TABLE 4—Eliniination of Newcastle Disease Vi- 
rus (NDV) in Feces of an Infected Chick* 


Wt. of 
collected 
feces 
(Gm.) 


22 —3t 
15 —-3 
29 2,500 
25 25,000 
10 71,000 
13 800,000 
6 78,000 


Total NDV 
excreted 
(E.1.d.s0) 


@.l.d.so 
per Gm. 
feces 


Day after Condition 
infection of chick 


0x 105 
4.7x 10° 


* Age of chick, 7 weeks. Infection with HP strain by 
intracrop instillatién. + — — less than the number stated. 


day until death of the chick (table 4). The 
concentration: of NDV in feces reached its 
maximum on} the sixth postinfection day 
(8 x 10° e.l.di,,/1 Gm.). Examination of 
lungs, brain, and intestinal contents of the 
dead bird revealed the highest concentra- 


tion of the virus (exceeding 6 x 10° e.1Ld.., 
1 Gm.) in the lungs and fecal contents; the 
virus in the brain titered 4 x 10* e.l.d.., 
1 Gm. 

When a chicken was infected intramus- 
cularly, the concentration of NDV in the 
feces reached its maximum earlier, 7.¢., on 
the fifth day. In both cases, i.¢., after ali- 
mentary or intramuscular infection, at time 
of maximum excretion of virus, 25 mg. of 
feces would be sufficient to infect a chick 
via the alimentary tract. Feed or water 
contaminated with infective feces may thus 
become a potential source of infection. 

Another source of NDV, which may con- 
taminate feed or water, is the respiratory 
and nasal mucus of an infected bird.?*:*° 
On one occasion, it was shown that a mori- 
bund chickea with individual water supply 
contaminated the water with NDV to the 
extent of 1,000 e.l.d.,, per 1 ml. 

Experimental evidence thus points to 
feces as a richer source of HP virus than 
mucous membranes of the upper respira- 
tory passages; this point requires, however, 
more extensive studies. It is also known 
that NDV persists in feces for much longer 
periods of time than in water and has, 
therefore, better opportunities of reaching 


the air as dust after the drying of the 
feces than of staying alive in water. 

The hypothesis that the alimentary route 
is of lesser importance in the natural spread 
of the disease appears to be strengthened 
by the findings of Walker and Powell,*° 
who could not isolate NDV from feces of 
infected birds at any time during the dis- 
ease, while the virus persisted in the up- 
per respiratory tract for twenty-one days, 
thus favoring the aerogenic spread (drop- 
let infection). 

The quantitative results obtained in this 
study indicate that the natural portal of 
entry of the NDV is the respiratory system, 
particularly the lower respiratory passages 
(trachea, bronchi, and lungs) ; the smallest 
quantity of virus particles was required to 
infect chickens by this way. The relative 
sensitivity of chickens to infection by 
NDV (HP) by various routes follows the 
sequence: (1) intramuscular, (2) aerosol- 
respiratory, (3) intratracheal, (4) intra- 
nasal, (5) alimentary. 

Summarizing, one may envisage the 
natural spread of ND as shown diagram- 
matically in figure 1. The main eyele of 
infection is: respiratory system to air to 
respiratory system; dried excreta and con- 
taminated feathers contribute to air infec- 
tion. The other cycle of infection may be: 
alimentary system to feces to feed and wa- 
ter to alimentary system. Not indicated in 
the diagram is the cycle: respiratory sys- 
tem to water and feed to alimentary tract ; 
this although possible is not considered as 
very probable. 

SUMMARY 


The infectivity of a highly pathogenic 
strain of Neweastle disease virus (NDV 
to chickens 3 to 6 weeks of age was quanti- 
tatively studied by the respiratory, alimen- 
tary, intranasal, and intramuscular routes. 
_ The chickens were found to be most sus- 
ceptible to infection by the intramuscular 
or respiratory (aerosol-breathing or intra- 
tracheal instillation) routes: approxi- 
mately 100 e.l.d.,, o. the virus were re- 
quired to initiate an infection. 

The intranasal route required a forty- 
fold to fiftyfold greater amount of virus 
and 20,000 e.l.d.,, were necessary to infect 
chickens by the alimentary route. 

Parentally immune, 1-week-old chicks 
were found to be less susceptible to intra- 
muscular injection or intranasal instilla- 
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tion of NDV, than the 3- to 6-week-old 


chicks. 

Similar quantities of Haifa vaccine 
strain were required for aerosol and intra- 
nasal infection, respectively, as with the 
HP strain. 

It is concluded that the main natural 
route of infection is the respiratory tract, 
the lungs being the most sensitive site. 


References 


' Alberts, O., and Millen, T. W.: Studies on Newcastle 
Disease. VIII. Resistance of Chicks from Pullets Vacci 
nated Against Newcastle Disease. Poult. Sci., 29, (1950) 
707-711. 

* Bankowski, R. A.: Further Studies on In Vitro Culti 
vated Pneumoencephalitis (Newcastle Disease) Virus and 
Its Use as a Vaccine. Vet. Med., 45, (1950): 322-827 

* Beaudette, F. R., and Bivins, J. A.: The Influence of 
Passive Immunity on the Response to Intramuscular and 
Intranasal Administration of Newcastle Virus 
Cornell Vet., 43, (1953): 513-531. 

* Bornstein, S., Rautenstein-Arazi, A., and Samberg, 
Y Some Aspects of Congenital Passive Immunity to 
Newcastle Disease Virus in Chicks. I. The Transfer of 
Hemagglutinin Inhibitors from the Maternal Yolk to the 
Chick. Am. J. Vet. Res., 1713, (1952): 373-378. 

** Bornstein, S., Rautenstein-Arazi, A., and Samberg, 
Y.: Some Aspects of Congenital Passive Immunity to 
Newcastle Disease in Chicks. II. The Relationship of 
Maternal Hemagglutination-Inhibition Titers in Baby 
Chicks to Their Actual Immunity. Am. J. Vet. Res., 13 
(1952) 379-382. 

* Bowers, R. H., Davies, O. L., and Hurst, E. W.: A 
Comparison Between Intranasal Instillation and Natural 
Inhalation as Means of Infecting Mice with Influenza 
Virus. Brit. J. Exptl. Path., 33, (1952): 601-609 

®* DeLay, P. D., DeOme, K. B., and Bankowski, R. A. 
Recovery of PE (Newcastle) Virus from the Air of Poul 
try Houses Containing Infected Birds. Science, 107 
(1948) : 474—475. 

’ Ferry, R. M., Farr, L. E., 
A Study of Freshly Generated 
crococeus Candidus and Escherichia Coli. J. 
88, (1951): 256-271. 

* Ferry, R. M., and Maple, T. G.: 
of Viability of Stored Bacterial Aerosols. J 
95, (1954): 142-159. 

*Gogolak, F. M.: A Quantitative Study of the Infec- 
tivity of Murine Pneumonitis Virus in Mice Infected in a 
Cloud Chamber of Improved Design. J. Infect. Dis., 92 
(1953) : 240-247. 

” Gustafson, D. P., and Moses, H. E.: Some Effects of 
Oral Exposure of English Sparrows to Newcastle Disease 
Virus. Am. J. Vet. Res., 13, (1952): 566-571 

1 Guyton, A. L.: Measurement of the Respiratory Vol 
ume of Laboratory Animals. Am. J. Physiol., 50, (1947) 


70-77. 


Disease 


Rose, J., and Blau, M. R. 
Bacterial Aerosols of Mi 
Infect. Dis., 


Studies of the Loss 
Infect. Dis., 


“@ Henderson, D.: An Apparatus for the Study of Air 
borne Infection. J. Hyg., 50, (1952): 53-68. 
“™ Hitchner, S. B., and Reising, G Flock Vaccination 


for Newcastle Disease by Atomization of the B, Strain of 
Virus. Proc. Book, AVMA (1952): 258-264. 

™ Hitchner, 8S. B., and Reising, G.: Results of Field 
Tests on Spraying a Commercially Prepared Newcastle 
Disease Vaccine. Proc. Book, AVMA (1953): 350-355 

% Hofstad, M. S.: A Quantitative Study of Newcastle 
Disease Virus in Tissues of Infected Chickens. Am. J. 
Vet. Res., 12, (1951): 334-339. 

% Johnson, E. P., and Gross, W. B.: Vaccination 
Against Pneumoencephalitis (Newcastle Disease) by Atom 
ization or Nebulization with the B, Virus. Vet. Med., 
46, (1951): 55-59. 

™ Kohn, A.: On the Behaviour of Microorganisms in the 
Air Under Normal and Artificial Conditions. Part III 
Ph.D. thesis, Hebrew University, Jerusalem, 1951. 

% Komarov, A., and Goldsmidt, L.: Preliminary Ex 
periments to Change the Properties of Newcastle Disease 
Virus for Preparation of Vaccine. Refuah Vet., Tel-Aviv, 
8, (1946): 96. 

* Komarov, A., and Goldsmidt, L.: The Use of Live 
Palestine for the Vaccination of Poultry 
Disease. Cornell Vet., 37, (1947) 


Viruses in 
Against Newcastle 
368. 

* Luginbuhl, R. E., Jungherr, E. L., and 
T. W.: Administration of Newcastle Disease and 
tious Bronchitis Vaccines Through Drinking 
Poult. Sci., 33, (1954): 1068. 

71 Markham, F. S., Hammer, A. H., Gingher, R., and 
Cox, H. R.: Preliminary Studies in Mass Vaccination 
Against Newcastle Disease and Infectious Bronchitis with 
Live Virus Dust Vaccines. Poult. Sci., 33, (1954): 1069 

2 Reed, L. J., and Muench, H. 
Estimating Fifty Per Cent Endpoints. Am. J. 
(1938): 

“Sinha, S. K., Hanson, R. P., and Brandly, C. A 
Comparison of Tropisms of Six Strains of Newcastle Dis 
ease Virus in Chickens Following resol Infection. J 
Infect. Dis., 91, (1952): 276-282. 

* Sinha, S. K., Hanson, R. P., and Brandly, C. A 
Aerosol Transmission of Newcastle Disease in Chickens 
Am. J. Vet. Res., 15, (1954): 287-292. 

* Schechmeister, I. L.: Studies in the Experimental 
Epidemiology of Respiratory Infections. III. Certain As 
pects of the Behaviour of Type A Influenza Virus as an 
Airborne Cloud. J. Infect. Dis., 87, (1950): 128-132 

*Smith, H. W Isolation from Lower Respiratory 
Tract of Chickens of Bacteria Administered by Mouth 
Nature, 174, (1954): 45. 

*“ Sturkie, P. D Avian Physiology Comstock Pub 
lishing Associates, Ithaca, N. Y. (1945): 96-100. 

* Thompson, C. H., Jr., and Osteen, O. L.: A Tech 
nique for Isolation of Newcastle Disease Virus, Using 
Streptomycin as a Bacterial Inhibitor. Am. J. Vet. Res 
9, (1948): 303-305. 

Waveren, G. M., 
natie tegen Pseudovogelpest. 
(1953): 577-589 

* Walker, R. V. L., and Powell, E. P. B 
Disease—A Study of the Carrier Problem 
Comp. Med. and Vet. Sei., 14, (1950): 61—64 

31 Weiss, E., and Segeler, J. C.: A Cloud Chamber for 
the Uniform Airborne Inoculation of Mice. J. Infeet 
Dis., 90, (1952): 13-20. 

*2? Wells, W. F., and Henle, W.: Experimental Airborne 
Disease: Quentitative Inoculation by Inhalation of Influ 
enza Virus. Proc. Soc. Exptl. Biol. and Med 48 
(1941): 298-301 


Chomiark, 
Infec 
Water 


f 


A Simple Method o 
Hyg., 27 


and Zuijdam, D. N Vacci 
Tijdschr. Diergeneesk., 78 


Newcastle 
Canad. J 


457 

| 


infections with Mixed Etiology 


CARL OLSON, JR., D.V.M., M.S., Ph.D. 


Lincoln, Nebraska 


THE STATEMENT that tuberculosis is caused 
by the tubercle bacillus can be readily 
proved. We can see the organism in the 
affected tissue by special staining and can 
grow it in pure culture on artificial me- 
diums. We can obtain it from all cases of 
tuberculosis. We can inject susceptible an- 
imals and produce the disease. From these 
experimentally diseased animals, we can 
again demonstrate the tubercle bacillus. 
These steps are the classical postulates of 
Koch, which he outlined as a set of rules to 
be followed in establishing the etiology of 
an infectious disease. 

In some instances, we do not quite fulfill 
the requirements of Koch’s postulates. For 
example, we are unable to cultivate the 
virus of hog cholera on artificial mediums. 

We are sometimes inclined to accept an 
organism as the sole cause or primary 
cause of a disease on inadequate evidence. 
The ability to demonstrate an infectious 
agent in a particular disease by staining, 
culture, or serological means is indeed good 
evidence and strongly suggestive of the as- 
sociation. Swine erysipelas may be used as 
an example. In this condition, the organ- 
ism Erysipelothrix rhusiopathiae can be 
demonstrated by staining techniques and 
eulture from lesions with which it is un- 
questionably associated. However, all ex- 
perimental attempts to regularly produce 
the field type of infection in swine have 
met with failure. In this connection, it 
must be recognized that the localized skin 
lesions, as experimentally produced with a 
eulture in the manner first described by 
Dinter and Fortner (Wellman'), do not 
represent the variations of the naturally 
occurring disease of the field. With the 
evidence at hand, we can say that the or- 
ganism is associated with swine erysipelas 
but we must admit we have failed in satis- 


From the Department of Animal Pathology and Hy- 
giene, University of Nebraska, Lincoln. Published with 
the aoproval of the director as paper No. 697, journal 
series, Nebraska Agricultural Experiment Station. 

Dr. Olson will present a summary of this paper at the 
Research Section of the Ninety-Second Annual Meeting 
of the AVMA in Minneapolis on Monday, Aug. 15, 1955. 
It is published in this issue of the American Journal of 
Veterinary Research at the suggestion of the chairman 
and secretary of the Research Section, so that it may be 
fully discussed at the time it is presented in Minneapolis. 


| 458 


fying the most important of Koch’s postu- 
lates, that is, producing the typical disease 
in the hog. In situations of this kind, it is 
obvious that we do not yet have adequate 
knowledge to give an explanation. 

Kobe? reported a series of experiments 
in which he recognized the occasional oc- 
currence of ‘‘inoculation erysipelas,’’ but 
he showed that cultures isolated from these 
outbreaks were harmless to swine even in 
large amounts. He wrote about a virus 
which might cause a gastroenteritis and 
death from heart failure or very mild in- 
fection free of symptoms. This viral agent 
was believed by Kobe to prepare the way 
for infection with Ery. rhusiopathiae. He 
claimed to have readily transmitted swine 
erysipelas by using tissues of animals with 
natural infections which contained both 
the swine erysipelas organism and the hy- 
pothetical viral agent. While Kobe’s claims 
have not been substantiated with respect to 
this relationship,** the European litera- 
ture contains many references to the heart 
failure syndrome in pigs. The possibility 
remains that other factors play a part in 
swine erysipelas. A variety of laboratory 
animals can be artificially infected causing 
death from an acute disease thus fulfilling 
Koch’s postulates so far as disease in these 
animals is concerned. Under these cireum- 
stances the organism undoubtedly is the 
sole cause. 

In some instances, our imagination has 
been blunted and progress thwarted be- 
cause of a general acceptance of a stated 
etiology of a given disease condition. The 
condition referred to as ‘‘colibacillosis’’ in 
calves will serve as an illustration. Most 
text books describe the condition and give 
the colon organism as the cause. Some text 
books ° more cautiously indicate that Esch- 
erichia coli may be pathogenic at times or 
that certain strains may be pathogenic. 
And further, there is some question of F. 
coli being the primary etiological agent in 
white scours or calf scours. The organism 
has been repeatedly isolated from calves 
dead from this disease. 

There have been some reports with evi- 
dence that serum from animals immunized 
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with E. coli has a beneficial and protective 
effect. This has been construed to indicate 
support of the idea that EZ. coli is the cause 
of the condition. Since normal serum may 
have essentially as great an effect, the 
claim must be discounted. There has been 
considerable work done on strains of E. 
coli isolated from normal animals. Many 
commercial concerns have manufactured 
and sold products for this condition in 
calves, based on the assumption that the 
cause is E. coli. Much time and effort has 
been consumed in following these ruts with 
no stimulation of fresh thinking and pro- 
gressive research on the disease. From the 
beginning of this theory, we have known 
that Koch’s postulate for experimental 
production of the natural disease with the 
suspected etiological agent (EF. coli) could 
not be fulfilled. Since EZ. coli can be found 
in the blood and tissues of animals with 
colibacillosis, we may suspect it of being 
responsible for some of the symptoms but 
we certainly lack proof of its being the 
primary cause. Some recent work ° points 
to an understanding of this disease based 
on its experimental reproduction. 

The comments on these two diseases are 


offered in criticism of our manner of think- 
ing with respect to etiology of disease con- 


ditions. This is very important for our 
thoughts are a guide to our actions. If we 
erroneously accept a particular agent as 
the cause of a disease, our actions can be 
altogether out of line and we obtain no re- 
sults from treatment or prevention. Per- 
haps more serious is the lack of a critical 
attitude in challenging the available infor- 
mation in these areas to see if it fits obser- 
vations of the natural disease. If the in- 
formation does not fit the naturally oeeur- 
ring situation, then we need constructive 
thinking so that progress can be made to 
obtain sound facts. 

With our present knowledge, there are a 
number of disease conditions whose etiol- 
ogy is obscure. For at least some of them, 
we must consider the possibility of two or 
more etiological factors. Problems of this 
type are more difficult to approach. The 
remainder of this report will briefly review 
some examples of mixed etiology in order 
to demonstrate the variety of situations 
that do exist. These examples include a 
concerted action of a virus and bacteria, 
two different bacteria, a virus and a chem- 


ical compound, a virus and a parasite, baec- 
teria and alteration of enzyme systems of 
the host, two different viral agents, and a 
virus plus a high environmental tempera- 
ture. It is hoped that the discussion will 
stimulate thinking in this area. 

The example selected of a virus and bac- 
teria acting together is well known. Swine 
influenza was recognized as an entity in 
1918 but its etiology remained obscure un- 
til 1931 when Lewis and Shope’ and 
Shope * reported on the virus of swine in- 
fluenza and a hemophilic bacillus found in 
animals with the disease. The virus alone 
would produce a very mild disease and the 
bacteria alone were almost nonpathogenic. 
However, together they would produce 
typical swine influenza. This disease is 
clearly the result of simultaneous action of 
two disease-producing agents. The trans- 
mission of the disease and its development, 
under natural conditions, remains to be 
fully explained. The hemophilic bacteria 
may be carried by many apparently nor- 
mal pigs, and only the addition of the vi- 
rus is needed to start the disease. Human 
influenza virus can enhance three bacterial 
infections. If guinea pigs are infected with 
human influenza virus, which alone is non- 
fatal, they could be killed with 1/250 the 
fatal dose of Hemophilus influenza, 1/100 
the fatal dose of a hemolytic Streptococeus, 
or 1/10 the fatal dose of pneumocoeccus.’ 
Perhaps influenza virus may enhance still 
other bacterial infections. 

Fistulous withers of horses is an exam- 
ple of a disease caused by two kinds of 
bacteria. The cause of this condition was 
studied for many years and various opin- 
ions and ideas were advanced. Some be- 
lieved that trauma was responsible; others 
believed that filarial parasites were re- 
sponsible; and still others thought that 
Brucella organisms played a part in caus- 
ing the condition. No one could experi- 
mentally produce the disease with any of 
the presumed causes. Rather recently Ac- 
tinomyces bovis was isolated from an ani- 
mal with this condition. Roderick, Kim- 
ball, McLeod, and Frank '® made repeated 
inoculations of cultures of A. bovis into 
the supraspinous bursae of 12 horses, but 
no infection resulted. They also gave Bru- 
cella cuitures in a similar way to 3 horses 
and these remained negative. A mixture 
of Brucella cultures and A. bovis cultures 
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was injected into the supraspinous bursae 
of 6 horses and 1 mule with the result that 
orily 1 horse failed to develop infection 
while 1 animal developed a bursitis with 
recovery and 4 horses and the mule devel- 
oped characteristic fistulous withers. From 
these experimentally produced infections, 
both organisms were isolated. Thus Koch’s 
postulates were completely fulfilled and the 
etiology of the condition demonstrated. 
Another example of different bacteria 
working together concerns mastitis. Cory- 
nebactertum pyogenes was commonly 


found in an acute mastitis of dry cows, but 
cultures of the organism were not highly 
pathogenic in experimental heifers. Reac- 
tion occurred in only four of 20 quarters 
exposed to C. pyogenes.“ Stuart and co- 
workers '! found Streptococcus dysgalac- 
tiae, an anaerobie coccus (probably Micro- 
coceus indolicus), and a micro-aerophilic 
coceus mixed with C. pyogenes in secre- 


tions from cows with mastitis. By using a 
mixture of cultures of these four organisms 
in experimental heifers, they could pro- 
duce the naturai disease in 33 of 38 quar- 
ters thus exposed. Some attempt was made 
to study mixtures of only two kinds of 


bacteria but the number of trials was in- 
sufficient for distinet results. The effect of 
mixture of several cultures was clearly 
evident. 

The cause of proliferative stomatitis and 
bovine hyperkeratosis was found to involve 
a viral agent and a chemical compound. 
Proliferative stomatitis was so commonly 
associated with bovine hyperkeratosis that 
it was regarded as part of the syndrome. 
Early work with bovine hyperkeratosis 
strongly emphasized the possibility of a 
viral etiology because of some of the fea- 
tures of proliferative stomatitis. Prelimi- 
nary experiments in this direction were 
negative. After it was established that be- 
vine hyperkeratosis was due to a type of 
poisoning (chlorinated naphthalene), there 
remained a need for satisfactory explana- 
tion of proliferative stomatitis. Test calves 
receiving the toxie substance which would 
cause bovine hyperkeratosis did not always 
develop proliferative stomatitis. It was 
found '* that proliferative stomatitis was 
due to a virus-like agent which was with- 
out effect in older calves on normal feed, 
but would produce stomatitis in calves that 
had been receiving a hyperkeratosis-pro- 


ducing substance. Thus, it was necessary 
to bring two etiological agents or factors 
together before the complete disease condi- 
tion as seen in the field could be produced. 
It was also found that very young calves 
were susceptible to action of proliferative 
stomatitis virus without the preliminary or 
associated action of the hyperkeratosis-pro- 
ducing substance. 

The example of combined action of a 
virus and a parasite is drawn from experi- 
mental mice but is related to an infection 
of horses. The observations of lesions in 


the brains of horses due to larvae of nema- 
todes diagnosed as virus encephalitis led to 
a study of larvae of Toxocara canis as a 
provoking factor in experimental Japanese 
B encephalitis of mice.** Experimental 
mice were given embryonated parasite eggs 
three or four days before they received a 
relatively light subcutaneous dose of the 
Japanese B encephalitis virus. The same 
amount of virus administered subcutane- 
ously would not cause encephalitis or 
death. The mice receiving both embryo- 
nated eggs and virus died from acute en- 
cephalitis in a few days. In this instance, 
the migration of larvae in the brain of the 
mice activated an acute encephalitis from 
the later inoculation of virus. This may 
have been caused by the larvae destroying 
the blood-brain barrier or by ereating a 
focus of lowered resistance in which the 
virus could gain entrance and grow. This 
example is somewhat different from the sit- 
uation in which the lungworm of swine and 
earthworm may actually carry the virus of 
swine influenza. 

A controlled infection in laboratory mice 
provides an example of alteration of me- 
tabolism influencing a bacterial infection. 
Interference with, or alteration of, the me- 
tabolism of the host at the time of infeetion 
provides an interesting area for study of 
the host-parasite relationship. Kreb’s cycle 
of tricarboxylie acid metabolism is a well- 
recognized system of enzymic reactions. It 
can be inhibited by certain chemicals or 
some of the intermediary compounds can 
be introduced which will disturb the cyele. 
Berry and Mitchell ** used mouse typhoid 
as their experimental infection with care- 
fully measured doses of bacteria, and the 
chemicals were given in sublethal quanti- 
ties. These workers found that the survival 
time of mice artificially infected with Sal- 
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monella typhimurium was reduced from an 
average of more than seventy-two hours to 
less than twenty-four hours. These workers 
also tested other pathogens of laboratory 
mice and obtained somewhat similar re- 
sults with some variation depending upon 
the inhibitor or intermediary substance 
used. 

An example of one virus preparing tis- 
sue for growth of a second virus has been 
known for many years. Belin * was able 
to cultivate foot-and-mouth disease virus in 
the skin of calves. Vaccinia virus and foot- 
and-mouth disease virus were inoculated 
simultaneously. The *foot-and-mouth dis- 
ease virus attached itself to the vaccinial 
virus lesions and, with successive animal 
passage, the foot-and-mouth disease virus 
became more and more attentuated. The 
virulence could not be restored. This find- 
ing has been the basis for development of 
one type of foot-and-mouth disease vaccine. 
This indicates that a normally resistant 
tissue could be made to support growth of 
a virus by infection with a second virus. 

Perhaps a better example of concerted 
action of two viral agents exists in the case 
of louping ill of sheep. Evidence exists 


that infection of sheep with only louping 
ill virus would usually cause fever but no 


encephalitic symptoms. Symptoms of en- 
cephalitis regularly developed when the vi- 
rus of tick-borne fever was also present 
with the virus of louping ill.’ 

Griffin, Hanson, and Brandly ** studied 
the effect of environmental temperature on 
the infection of mice with vesicular stoma- 
titis virus. They found that the disease in 
mice which were acclimated to a low tem- 
perature had a longer incubation period 
and a lower mortality than in mice aceli- 
mated to a higher temperature. Factors 
such as this might be responsible for the 
absence of symptoms in certain types of 
mild infections. 

If we will review our thinking on the 
etiology of disease in farm animals, we 
will eventually attain a more complete un- 
derstanding. This will give us the knowl- 
edge to handle disease problems in a better 
manner. In our thinking and interpreta- 
tion of the many results, ideas, and opin- 
ions concerning etiology, we can profitably 
depend upon the postulates of Koch leid 
down many years ago. The possibility of 
two or more factors being responsible for a 


disease was not specifically recognized by 
Koch; however, such a situation or the ex- 
istence of enhancing agents for infection 
ean readily be included in the process of 
experimental production of the disease 
condition. This requirement is perhaps the 
most important and significant. Some 
might say that experimental production of 
a given disease condition is difficult and 
perhaps impossible. We should be able to 
produce any disease which exists since its 
very existence is evidence of the fact that 
it can be done. Our inability to produce it 
when we wish simply means that we do not 


understand all of the factors involved. 

Some idea of the sequence of events in- 
volved in a study of mixed etiology may 
be given by using listeriosis as an example. 
The natural infection in rodents can be 
readily produced and Koch’s postulates 
fulfilled. The natural infection in cattle 
and sheep usually involves only the central 
nervous system and can not be regularly 
produced with the organism alone except 
by intracerebral inoculation. This has led 
to a search for other factors. By taking 
daily temperatures during an outbreak in 
sheep, a few sheep were found to have tem- 
perature elevations for two to three days 
with no other symptoms. The Listeria or- 
ganism could not be isolated from such an- 
imals killed during the period of tempera- 
ture elevation. However, in 1 sheep, the 
blood contained an agent which could be 
transferred to an embryonating chicken 
egg. This agent has been used in conjune- 
tion with Listeria in experimentally pro- 
ducing listeriosis in sheep.'” While further 
work is necessary to clearly establish its 
relationship to the natural disease the lead 
is promising. 

A variety of conditions have been de- 
scribed in this report to indicate the inter- 
play of two factors in the causation of dis- 
sease. There can be no doubt of the exist- 
ence of other diseases with similar etiology. 
Many disease conditions occur in routine 
veterinary practice which have not been 
produced under experimentally controlled 
conditions. Veterinarians in gei eral prac- 
tice have a most unique opportunity to 
contribute ideas in this area. The factors 
responsible for disease conditions they en- 
counter lie before them. Careful observa- 
tion and thoughtful consideration of all 
the circumstances surrounding such a situ- 
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ation should lead to ideas on the cause. The 
ideas and suspected factors must then be 
challenged by experiments designed to test 
their validity. An inquiring mind with a 
critical attitude toward the etiology of 
many disease problems will form the foun- 
dation on which progress will be made. 

It is hoped that this report will serve to 
stimulate discussion by veterinarians in 
practice and those in research. Each has 
much to contribute. Veterinarians in prac- 
tice and farmers have problems for which 
our present knowledge is inadequate and 
research workers have areas in which they 
could suggest possible avenues for approach 
by field study. If the discussion will lead 


to an interchange of ideas, this report will 
have served its purpose. 
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Distemper Complex in Wild Carnivores Simulating Rabies 


C. F. HELMBOLDT, D.V.M., Ph.D., and E. L. JUNGHERR, Vet. Dipl., D.M.V. 


Storrs, Connecticut 


IN RECENT YEARS, rabies in feral carnivores 
has received considerable attention. Syl- 
vatic rabies is considered to be a constant 
reservoir of the disease.”:** Although ag- 
gressiveness and unusually bold behavior 
of naturally shy wild animals characterizes 
rabies,*° such symptoms need not always 
indicate this disease. This communication 
reports outbreaks of canine distemper in 
gray foxes (Urocyon cinereoargenteus), 
red foxes (Vulpes fulva), raceoons (Pro- 
cyon lotor), and skunks (Mephitis mephi- 
tis); the symptoms seen in these outbreaks 
were similar to those of rabies.*:* 7! 
REVIEW OF THE LITERATURE 

Rabies has been a problem in wild animals in 
the past decade. The has been common 
among the feral members of the families Canidae, 
Mustelidae, and Proeyonidae.” When animals 
of these families reduced the incidence of 


rabies decreased.* 


disease 


were 
Goss,” however, pointed out that members of 
these families are susceptible to canine distemper, 
since all arose from the superfamily Arctoidea. 
Several outbreaks of canine distemper occurred 
among members of the families Canidae and Mus- 
telidae confined at the New York Zoological Gar- 
dens.” Definite nervous derangement was observed 
in a red fox confined in another zoological garden. 
In this latter outbreak, intranuclear inclusion bod- 
ies were common in the epithelium of the urinary 
bladder; the intracytoplasmic type was uncom- 
However, intracytoplasmic inclusion bodies 
reported as common in the urinary 


mon.' 
have been 


tract.” 


MATERIALS AND METHODS 


All 35 specimens were feral carnivores taken 
within the Connecticut borders by conservation 
officers of the State Board of Fisheries and Game. 
Although the specimens represent a span of six 
years, the majority were taken during 1953. Spe- 
cies represented were the gray and red fox, the 
raccoon, and the skunk. 

Living animals were chloroformed 
was secured for hematological study. In all cases, 
eardiae blood and liver tissue were streaked on 
blood-agar plates; other grossly abnormal tissue 
was also subjected to bacteriological study. Por- 
tions of the brain and spleen were frozen at —20 C. 


and blood 


From the Department of Animal Diseases, Storrs Agri- 
cultural Experiment Station, University of Connecticut, 
Storrs. 


for later inoculation into mice and ferrets.* A 
portion of the hippocampus was placed in a glye- 
erin-saline solution (equal parts) and forwarded 
to a laboratory+ where mice were inoculated intra- 
cerebrally and intraperitoneally and impression 
smears were made of the hippocampus. 

For histological study, portions of the brain, 
semilunar ganglion, heart, lungs, kidney, urinary 
bladder, stomach, liver, duodenum, pancreas, jeju 
ileum, colon, adrenals, spleen, mesenteric 
nodes, and tonsils were fixed in formol- 
saline. Duplicate portions of the hippocampus, 
semilunar gangiion, liver, kidney, and urinary 
bladder were placed in Zenker’s fixative. Tissues 
were embedded in paraffin and stained by hema 
toxylin-triosin. Other stains such as Masson’s 
trichrome, Levatidi’s silver technique, 
acid-Schiff, special Gram pyronin Y, and Williams’ 
modification of van Gieson’s stain were employed 
in selected Feeal examinations were done 
by the flotation method. In a limited number of 
eases, detailed parasitological examinations were 
conducted.t 

Where fresh urine was obtainable, samples were 
examined by the dark field technique for Lepto- 
Qualitative analyses were conducted for 
and sugar, and a sedimented 


num, 
lymph 


periodic 


cases. 


spira. 
albumin, acetone, 
portion was examined for cellular components. 


RESULTS 

Symptoms.—All the animals observed 
presented abnormal behavior (table 1). 
Eight were definitely aggressive; 1 rac- 
coon attacked and bit a man, a second 
raccoon entered a barn and attacked a dog 
chained there, and a gray fox pursued and 
bit a horse. The remaining 5 aggressive 
animals attempted attack but unsuccess- 
fully. All 35 animals were observed in 
populated areas in broad daylight and 
without fear of man. 

A group of 7 animals had fallen into 
a deep sleep from which they could be 
aroused only with difficulty. 

Convulsive seizures were a common man- 
ifestation ; frothing at the mouth, snarling, 
and reckless snapping characterized these 
episodes. 


* Lederle Laboratories, Inc., Pearl River, N. Y., car 


ried out the ferret inoculations. 
State Depart 


* Bureau of Laboratories, Connecticut 


ment of Health, Hartford. 
t By Dr. Lawrence Penner, Zoology 
versity of Connecticut, Storrs. 
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Raccoons were invariably affected by a 
purulent conjunctivitis, often suffering 
from complete closure of both eyes. Three 
members of this species manifested de- 
praved appetite as 1 drank kerosene while 
another consumed paint; a third had a 
high chromium content (25 p.p.m.) in the 
feces. 

The over-all clinical picture was typical 
of Steele’s*° comment on rabies: ‘‘The 


outstanding change in wild animals is their 
loss of fear of man and his environs.’’ 
Bacteriological Examinations. Bacteri- 
ological examinations were generally with- 
out significant findings (tabie 1). Pasteu- 
rella multocida was isolated in a gray fox 
and in a raccoon, of which 1 case was con- 
sidered to be canine distemper on histologi- 
eal grounds (table 1). In the other ani- 
mal, histological evidence of canine dis- 


TABLE 1—Incidence of Canine Distemper in Some Wild Carnivores 


Histological examinations 


Other examinations 


Species 


semilunar ganglion 


Hippocampus and 
Bacteriological 


Neurological 
symptoms 
Encephalitis 
Cytoplasmic 
findings 


inclusion 
Nuclear 
inclusion 


8 
-) 


Hematology 


(10-*/emm 
inoculations 
observations 


Leukocytes 
Parasites 


Diagnosis 


Bladder Bladder 
Bladder — 
Bladder Lymph 
node 
Gray fox 4 — Bladder Bladder 


4. 


Gray fox 
Gray fox 
Gray fox 
Gray fox 
Gray fox 


eit 


+ 
+ 


Gray fox 
Gray fox 
Gray fox ‘ _ Bladder Bladder 
Gray fox Kidney _ 

Gray fox . Bladder Bladder 


Gray fox - - - _ 
Gray fox _ 
Gray fox - 
Red fox g - - — Bladder Bladder 
Red fox — Bladder Bladder 
Red fox - Bladder Bladder 
Raccoon - Bladder Bladder 
Raccoon Brain 

Raccoon - Stomach 


Raccoon 21 Bladder 
Raccoon 2% - + 
Raccoon 2: + Lung 
Raccoon 


Raccoon 


Raccoon 
Raccoon 


Raccoon 


Raccoon 
Raccoon 


Raccoon 
Raccoon 


Raccoon + Bladder Bladder 
Skunk 3 4 


Skunk 35 + + 


Erythrocyte 


Encephalitis 
Distemper 
Distemper 
Encephalitis 
Interstitial Distemper 
pneumonia 
Interstitial Distemper 
pneumonia 
Distemper 
Encephalitis 
Distemper 
Distemper 
Toxoplasma Toxoplasmosis, 
in brain distemper 
No diagnosis 
No diagnosis 
Encephalitis 
Distemper 
Distemper 
Distemper 
Distemper 
Distemper 
25 p.p.m. Distemper 
Cr in feces 


o 


Distemper 
Encephalitis 
Interstitial Distemper 
pneumonia 
Exudative Encephalitis 
pneumonia 
Kerosene Encephalitis 
in stomach 
Encephalitis 
Interstitial Pneumonia 
pneumonia 
25 p.p.m. No diagnosis 
Pb on liver 
Died Distemper 
Died Exudative Distemper 
pneumonia 
Exudative Pneumonia 
preumonia 
Listeriosis, 
distemper 
Alive Distemper 
Died Interstitial Distemper 
pneumonia 
Encephalitis 


A Toxacara canis; AC = Ancylostoma caninum; C 


Capillaria plica; D Dracunculus insignis; G Gna- 


thostoma spp.; GO = giant cells; L = Listeria; P Pasteurella; p.p.m. = parts per million; T Taenia pisiformis ; 


Us Uncinaria stenocephala; ET Eurytrema procyonis; 


Pb = lead; Cr chromium 


= 
Died 
Died 
ACT Died 
6.5 7 A.G.T 
P 
AT 
. 
Cc 
Cc 
7.8 28 
7.1 19 
6.2 17 Us 
4.7 17 
P Us 
LGC 5.3 12 C,S,T,US 
26 + + 
27 C,ET,US 
29.8 15 A,C,G,T 
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temper was lacking and ferret inoculation 
was not done. 

Listeria monocytogenes was isolated from 
a raccoon which was subsequently proved, 
by ferret inoculation, to have canine dis- 
temper. This organism had been previously 
isolated from a septicemic case in a wild 
raccoon * which was discovered dead. 

It was believed in the present cases that 
canine distemper was the primary condi- 
tion and that the discovered pathogens 
were secondary invaders. 

Parasitic Examinations.—Parasites were 
present in a majority of the animals (table 
1). Of external parasites, flea infestation 
Ctenophalus canis was noted in most foxes 
and raccoons. In addition, 1 gray fox had 
several ticks believed to be Dermacextor 
variabilis. 

Internal parasites were present in a wide 
variety. The rarest of the lot was Eury- 
trema procyonis found in a recently cap- 
tured raccoon.’** The authors believed this 
worm to have been introduced into Con- 
necticut by the importation of raccoons 
from southern states by hunting clubs. 
Literally thousands of the parasites were 
found in the lobular ducts of the pan- 


creas. Their presence appeared to cause 
foldlike proliferation of the ductal epi- 


thelium (fig. 1). No histological alter- 
ations were observed in the pancreatic 
parenchyma although the urine revealed a 
moderate amount of sugar by Benedict’s 
method. In addition, the Ress test for ke- 
tones was positive. The significance of the 
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urine findings was veiled by the fact that 
4 other raccoons also displayed sugar in the 
urine but never ketones. 

Another unusual parasite of the raccoon 
for this area was Dracunculus insignis.*® 
This was about 12 inches long and some- 
what less than 4% of an inch in diameter. 
It was found in a tightly coiled position 
in the subcutis of the lateral aspect of the 
tarsus. Care had to be employed in the 
search for this parasite lest it be mistaken 
for a tendon. In some cases, a small weep- 
ing fistula over the site of the worm indi- 
cated its presence, but usually no external 
signs were present. 

Capillaria was a common parasite (table 
1). The species according to Penner *° was 
either Capillaria plica or Capillaria felis 
cati. The characteristic double-operculated 
ova were usually fornd in the sediment of 
centrifuged urine. A urocystitis typified 
by roughened congested mucosa was the 
usual gross finding. Microscopic examina- 
tion revealed hyperplastic renal epithelium 
containing larval forms of the parasite (fig. 
2), while mature forms were seen on the 
surface of the mucosa. Aggregates of lym- 
phocytes crowded the lamina propria. 

A filarid considered to be Gnathostoma 
sociale was seen in the stomach of a skunk 
and a gray fox (table 1). 

More common types of parasites such as 
Ancylostoma caninum, Uncinaria stenoce- 
phala, Toxocara canis, and Taenia pisifor- 
mis were frequently found (table 1). 

Rabies Examinations.—Examinations for 


Fig. 1—A pancreatic lobular duct from a raccoon contains an individual Eurytrema procyonis; 
the parasite is ingesting the epithelium of the mucosa. x 120. 
Tissue embedded in paraffin and stained with hematoxylin and eosin. 
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All figures are photomicrographs of tissue embedded in paraffin and stained with hematoxylin-triosin. 
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rabies were negative in every case. None 
of the mice inoculated with suspensions of 
hippocampus died, and impression smears 
as well as paraffin-embedded sections of 
the hippocampus were negative for Negri 
bodies; no alterations were seen in par- 
affin-embedded sections of the semilunar 
ganglion. In the eases in which encepha- 
litis existed it was not unusual to see al- 
terations such as vascular cuffs and glial 
foci in the hippocampus. However, no 
corresponding changes were seen in the 
semilunar ganglion. 

Pathological Examination.—A nonpuru- 
lent diffuse encephalitis of low intensity 
was a consistent finding (table 1). Of the 
20 eneephalitic cases seen, only 3 deviated 
from this pattern—2 raccoon brains exhib- 
ited perivascular cuffs with associated neu- 
trophils (fig. 3), while the brain of a gray 
fox presented a large area of hemorrhage 
and cellular infiltration (fig. 4). This lat- 
ter focus occupied the right corpus stria- 
tum and contained small cystlike bodies 
about 30 » in diameter (fig. 5). The cysts 
consisted of smaller bodies about 4 » in 
diameter which when stained by hematoxy- 
lin-triosin appeared to have a_ basophilic 


center surrounded by an acidophilic areola. 
These bodies failed to appear in sections 
stained by acid-fast, special Gram pyro- 


nin Y and periodic acid-Schiff stains, 
suggesting that they were not bacterial or 
fungal structures. On the basis of mor- 
phology,’ **:'* these structures were con- 
sidered to be Toxoplasma. 

Of the remaining 17 encephalitic cases, 
4 presented peculiar cellular aggregates 
which occurred in the cerebral white mat- 
ter and, in 1 case, in the hippocampal gyri 
(fig. 5). They were glial in character but 


with concentrations of the nuclei to form 
ill-defined giant cells (fig. 5). No particu- 
lar significance could be attached to these 
unusual formations. 

The pathognomonic inclusion bodies of 
canine distemper **'' appeared to favor 
the epithelium of the urinary tract (fig. 6 
and table 1). Some inclusion bodies were 
seen in such diverse tissues as lung, stom- 
ach, lymph node, and brain. Although the 
vresence of intranuclear inclusion bodies 
in the lymph nodes suggested infectious 
canine hepatitis'® the existence of intra- 
cytoplasmic inclusion bodies in the epithe- 
lium of the urinary bladder was considered 
to indicate canine distemper. In addition 
the pathognomonic intranuclear inclusion 
bodies of Rubarth did not appear in the 
hepatic cells.‘ The inclusion bodies seen 
in the brain (fig. 7) occurred in the nu- 
clei of macroglial cells of the cerebral cor- 
tex and appeared to be the type described 
in so-called ‘‘hard pad’’ of dogs.** 

4 diagnosis of canine distemper was ar- 
rived at in 20 animals on the basis of (1) 
ferret inoculation with subsequent death 
or (2) the presence of pathognomonic in- 
clusion bodies. The 15 remaining animals 
were classified as having encephalitis, pneu- 
monia, or ‘‘no diagnosis’’ (table 1), since 
a positive identification of canine distem- 
per was not possible on the basis of the 
above criteria. However, the authors were 
of the opinion that some of these 15 ani- 
mals also had canine distemper. For ex- 
ample, ferrets died of canine distemper 
when inoculated with material from 4 ani- 
mals neither presenting encephalitis nor in- 
clusion bodies of distemper. This finding 
served to indicate that the absence of in- 
clusion bodies or of encephalitis does not 


Legends for Illustrations on Opposite Page 


Fig. 2—A portion of the mucosa of the urinary bladder from a gray fox contains sagittal and 
cross sections of Capillaria. x 97. 

Fig. 3—A cerebral arteriole from a raccoon is shown cut in the sagittal plane; the lower por- 
tion of the photograph is the vessel wall which is markedly infiltrated by granular leukocytes. 
x 877. 

Fig. 4—A portion of the lentiform nucleus from a red fox contains in lower right and upper 
left cystlike structures, which in turn contain small two-toned bodies considered to be Toxo- 
plasma (arrows). x 877. 

Fig. 5—A section of the hippocampal gyrus from a raccoon showing glial nodules with nuclear 
concentration resembling giant cells (arrows). x 450. 

Fig. 6—A portion of the renal epithelium of the urinary bladder from a red fox is shown; both 
intracytoplasmic and intranuclear inclusion bodies are present (arrows). x 877. 

Fig. 7—A portion of the cerebral cortex, external granular layer, from a raccoon contains sev- 


eral intranuclear inclusion bodies (arrows). 


The pale various-sized bodies are serum casts. 


x 877. 


‘ . 
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preclude a diagnosis of canine distemper. 

The diagnosis of canine distemper be- 
comes more firmly established by the exclu- 
sion of rabies, the disease which was given 
prime consideration at the start of this 
series. 

Other indications of disease were few. 
With the exception of a few cases of pneu- 
monia some of which were distinctly inter- 
stitial in character (table 1), no alterations 
were noted. The excellent state of nutri- 
tion and the good condition of the coat 
suggested a short course of illness in these 
wild earnivores. This observation was in 
marked contrast to thai of dogs in which 
canine distemper is often a chronic debili- 
tating disease.° 

SUMMARY 


Thirty-five feral gray fox (Urocyon 
cinereoargenteus), red fox (Vulpes fulva), 
raccoon (Procyon lotor), and skunk (Me- 
phitis mephitis) specimens were presented 
with histories of aggressiveness, depraved 
appetite, or frequenting populated areas. 
All were captured in Connecticut. Exami- 
nations for rabies by means of hippocam- 
pal smears, paraffin-embedded sections of 
the hippocampus and the semilunar gan- 
glion, and mouse inoculation of hippo- 
campal material were noncontributory. 
Canine distemper was diagnosed in 20 ani- 
mals based on either ferret inoculation or 
histological evidence of intracytoplasmic 
or intranuclear inclusion bodies which oe- 
eurred chiefly in the urinary tract. In the 
remaining 15 animals characteristic inclu- 
sion bodies were lacking and ferret inocu- 
lations were not done; however, it was 
believed that some of these animals had ¢a- 
nine distemper. This belief was based on 
(1) the similarity in the clinical history 
to that of proved cases, (2) the exclusion 
of rabies, and (3) the fact that distemper 
inclusion bodies are not always present in 
animals with feral distemper. 

Twenty cases of encephalitis were found 
but not all were associated with distemper. 

Bacteriological examination resulted in 
the recovery of Pasteurella multocida on 
two occasions and Listeria monocytogenes 
in one instance. These pathogens were con- 
sidered secondary invaders since canine 
distemper appeared to be the primary ill- 
ness in at least 2 of the animals. 

Parasitological examination uncovered 
common invaders such as Toxocara canis, 


Ancylostoma caninum, Uncinaria stenoce- 
phala and Taenia pisiformis. Capillaria 
plica or felis-cati caused considerable uro- 
cystitis by its habit of burrowing into the 
bladder epithelium. Dracunculus insignis 
oceurred in the legs of several raccoons. A 
rare find was the fluke Hurytrema procy- 
onis in the pancreas of a raccoon. Toxo- 
plasma spp. was identified in the brain of 
a gray fox on histological grounds. It was 
considered an opportunist, since canine dis- 
temper was definitely established in this 
case. 

In feral carnivores rabid symptoms may 
apparently be caused by diseases of the 
distemper complex and are insufficient for 
diagnosis in a relatively rabies-free area. 
Complete histological examinations, in con- 
junction with mouse and ferret inocula- 
tions, are important diagnostic aids in the 
exclusion of feral rabies. 
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Record Maintenance for a Long-Term Monkey Colony 
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CAPTAIN 8. J. YOUNG, V.C.; U.S.A.F.; CAPTAIN M. D. HARRIS, V.C., U.S.A.F.; 
D. S. NACHTWEY, B.A. 


Randolph Field, Texas 


Farris’ has pointed out that all the fine 
equipment on display in many laboratories 
will not aid im solving biological problems 
unless animals suitable for experimental 
purposes are available and the experimen- 
tal animal’s history and background are 
known. This fact has been given close at- 
tention in research programs conducted at 
the Radiobiological Laboratory of the Uni- 
versity of Texas and the United States Air 
Force, where it is required that a Macaca 
mulatta monkey colony be maintained on a 
long-term basis. This is facilitated by a 


system of records presenting comprehen- 
sive information on both the colony and 


From the Veterinary Science Division, U.S.A.F. School 
of Aviation Medicine, Randolph Field, Texas. 

This study was supported, in part, by funds provided 
under contract AF 18(600)—165 with the U.S.A.F. School 
of Aviation Medicine, Randolph Field, Texas. 

1 Farris, E. J.: Introduction to the Conference on 
mal Colony Maintenance. Ann. New York Acad. Sci., 
(1945): 
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the individual animals. This paper de- 
scribes the method which has evolved 
through trial and error to become a func- 
tional and economical system of recording 
information concerning the health of the 
animals in the monkey colony. 


MATERIALS AND METHOD 


The lists and charts employed facilitate treat- 
ment of sick animals, assignment of animals to 
experiments, and compilation of research data. 
These lists and charts are concerned with specific 
information as described here. 

Experimental Animal Assignment Chart. 
chart lists chronologically the experiments 
ducted and the animals involved in each. 
referenced with this chart numerical 
list of animal numbers and their respective ex- 
Minutes of interdepartmental confer- 


This 
con- 
Cross- 
is a order 
periments. 
and 
serve as the source of this information. 

This chart allows the veterinarian to know the 
experimental background of prior to 


ences memorandums concerning assignment 


an animal 


INVENTORY 
MORBIDITY 
CHART 

NOVEMBER 


| MONKEY 


|_ COLONY STRENGTHI2 67 
RECEIPTS 


SHIPMENTS. 


DISEASE (TOTAL) 


INTESTINAL 


RESPIRATORY 


OTHER 


DEATH (TOTAL) 


_DISEASE 


EXPERIMENT 


OTHER 


UNCOMMITTED 


7 


Chart 1—Example of inventory and morbidity chart used for record maintenance for monkey 
colony. 
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Recorp MAINTENANCE FOR MONKEY COLONY 


DATE NIMAL; PRESCRIPTION SYMPTOMS 


DIAGNOSIS 


THERAPY 


l cc procaine 
penicillin 
daily for 

3 days. 

jl of 3 doses. 


Laceration distal 
end of 3rd finger 
of right hand. 


2 Feb'55 382 


Skin and 
subcutaneous 
wound. 


300,000 units procaine penicillin IM, 
Local infiltration with procaine. 
Sutured with 2-0 nylon. Stockinette 
bandage applied. 


1 cc combio- 
tic daily for 
3 days. 

1 of 3 doses. 


Swelling and 
inflammation 
of gums. 


2 Feb'55 


Alveolar in- 
fection fol-- IM. 
lowing extract-|+ 0.5 Ga. Streptomycin). 
ion of rt.upper 
canine tooth 


Drainage established; 1 cc combiotic 
(400 ,000 units procaine penicillin 


Chart 2—Example of medication record usei for record maintenance for monkey colony. 


clinical diagnosis and treatment, aids correlation 
of clinical symptoms and experimental procedures, 
and serves as a guide in further assignment of the 
animal. 

The Weight Chart.—This record 
monthly weights of the individual 
mimeographed work sheet is used when monthly 
weights are taken, and these are then transcribed 
to the weight chart. 

This chart aids in the evaluation of the colony’s 
nutrition, in the detection of disease, and in the 
computation of therapeutic and anesthetic dosage. 

The Inventory and Morbidity Chart.—This ree- 
ord (chart 1) gives the day-to-day census of the 
colony as to the number of animals on hand, the 
number clinically ill, and the type of illness (in- 
testinal, respiratory, experimental, or other), the 
number of deaths and cause (intestinal, respira- 
tory, experimental, ete.) as ascertained by nec- 
ropsy, and the number of animals available for 
experimental use. The physical inventory count is 
taken every two months; in the interim, the addi- 
tion or subtraction of receipts, deaths, and transfers 
maintains the inventory count. Medication records 
reveal the number of animals clinically ill and the 
clinieal diagnosis; intra-office memorandums sub- 
stantiate the number of deaths; the necropsy re- 
ports from the pathology group provide causative 
data. By means of this chart an observer has a 
relatively picture of the state of the 
eolony for any day or month. 

The Intestinal Disorder Prevalence Chart.—This 
chart lists these animals with diarrhea, showing 
oceurrence by day of the month and the type of 
intestinal disorder (i.e., hemorrhagic, mucoid, diar- 
rheal, ete.). Animals with an intestinal disorder 
are determined from the daily clinical examination. 
This chart serves as a basic epidemiological tool 
in dealing with treatment of intestina! disorders 
on a colony-wide basis. 

The Medication Record.—This record (chart 2) 
lists the symptoms, clinical diagnosis, and pre- 
seribed therapy for each animal requiring medica- 
tion. This information is transcribed to the record 
of the individual animal. 

The Daily Health Report.—This report, in the 
form of an interdepartmental bulletin, describes 
the general clinical appearance of each animal em- 
ployed in an experiment. This information is ob- 
tained from the daily clinical examination and 
serves to apprise the interested departments of 
the state of health of their experimental animals. 

The Individual Animal Record.—The informa- 


reveals the 
animals. <A 


complete 


tion that appears on the charts, lists, and records 
is transcribed onto the record of the individual 
animal. Because of the variety of information 
and the irregularity with which it is received as 
to chronological order, it is necessary to prepare a 
rough draft before a permanent record is made. 
This is accomplished by the employment of a 
kardex file containing 5 by 8 inch ecards, one for 
each animal, on which information is recorded as 
it is received. Insertions are placed in chrono- 
logical order on these cards prior to transeription 
onto the permanent record. 

The completed record in duplicate is perma 
nently maintained in an identified flexible card 
board folder containing transfer data, experimen- 
tal assignment, daily clinical examination results, 
symptoms, clinical diagnosis, therapy employed, 
results of feeal and blood examination, monthly 
weight, results of quarterly tuberculin test, x-ray 
negatives, pictures, circumstances of death, 
report. 

Supplemental information as to the procurement 
of the animal provides relatively complete know! 
edge of the animal’s history from its capture in 
the jungle until its death. 


and 
necropsy 


DISCUSSION 


The system described employs the redue- 
tion of data into accessible and easily read 
chart and list forms. There is duplication 
of information, but chart representation of 
often-needed specific information has been 
found to save much time and prevent con- 


fusion. The employment of a kardex file 
for rough draft entry and extraction of 
information on individual animals prior 
to final entry into the permanent record 
of the animal is of singular importance in 
the successful maintenance of complete in- 
dividual monkey records. 

The described charts serve as epidemio- 
logical source data in decisions involving 
mass-colony therapy. Information pertain- 
ing to individual animals during their 
maintenance at this laboratory, when coor- 
dinated with specific data involving experi- 
mental procedures, aids in the evaluation 
of experiments conducted with subjects 
from the monkey colony. 
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Differentiation Between Foot-and-Mouth Disease and 
Vesicular Stomatitis Viruses by Means of 
Mouse Inoculation 
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LITERATURE CITED 


Cox and Olitsky* in 1933 demonstrated the sus- 
eeptibility of adult Swiss mice, inoculated intra- 
cerebrally, to both ‘‘ New Jersey’’ and ‘‘ Indiana’’ 
types of vesicular stomatitis virus (VSV) of guinea 
pig origin. 

In a subsequent publication, Olitsky, Cox, and 
Syverton* observed that if the intraperitoneal 
route was used only infant mice less than 14 days 
old could be suceessfuliy infected. Adult mice 
failed to be affeeted. Sabin, Olitsky, and Cox* 
studied in detail the susceptibility of young and 
adult mice to the virus of vesicular stomatitis 
(VS) injected by different routes. Nagel * showed 
the susceptibility of adult mice to a guinea pig- 
adapted strain of type ‘‘A’’ Vallée virus of foot- 
and-mouth disease inoculated intracerebrally. After 
60 brain passages, the virus was found only in 
cerebral tissue. 

With ‘‘O’’ and ‘‘C’’ types of virus, the results 
have not been satisfactory.” More recently, Skin- 
ner® demonstrated the susceptibility of suckling 
mice to the virus of foot-and-mouth disease. 

For many years, the differential diagnosis of VS 
and foot-and-mouth disease was based on the in- 
oculation of suspected material into different ani- 
mal pigs, and guinea 
pigs.” * 

Brooksby "'"’ showed that the complement-fixa- 
tion reaction could be used to differentiate and 
type the viruses responsible for these two diseases. 
In certain instances, however, it has been found 
that field specimens, principally in the 
foot-and-mouth disease, may be negative for com- 
plement fixation but still show infectivity for the 
experimental animal. Virus may be present in 


snecies, as horses, calves, 


ease of 


quantities too small to be detected by complement 
fixation and still be infective. Since it is impraec- 
tical and uneconomical to use cattle as a check on 
numerous negative complement-fixation reactions, 
particularly where diseases are enzootic, a simple, 
inexpensive test has been developed. The test was 
devised, primarily, to differentiate VS and foot- 
and-mouth disease viruses and is based on the sus- 
ceptibility of adult and suckling mice to each of 
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In addition, the tissues from the in- 
antigens in the 


these viruses. 
oculated mice may be used as 
complement-fixation test to determine the type of 
the virus concerned. 


MATERIALS AND METHODS 


Foot-and-Mouth Disease Virus.—All strains were 
of Brazilian origin. 

Type O.—Inoculums were prepared two 
field strains, one from an outbreak in the State 
of Sao Paulo and the other from an outbreak in 
the State of Rio de Janeiro. 
were inoculated into 
vide the necessary quantity of lingual epithelium 


from 


The original strains 
susceptible calves to pro 
(virus). 

Type A.—Two strains were used. The first was 
a field strain from Rio Grande do Sul, passed once 
in a susceptible calf, and the other consisted of 
original material from an outbreak which occurred 
District. The material 
phosphate buffer 


in Rio de Janeiro, Federal 
was sent to our laboratory in 
glycerin without refrigeration. 
Type C.—One of the two strains used 
tained from the Instituto Biolégico of Sio Paulo 
where it is used as a seed virus in the preparation 
of vaecine. The other strain consisted of the orig- 
inal epithelial from an outbreak in the 
State of Minas Gerais. These viruses arrived at 
our laboratory in phosphate buffer glycerin with- 
out refrigeration. 
Vesicular Stomatitis 
ide.tified to date in 
originated in 


was ob 


lesions 


VS has not 
strains of 


Virus.—Since 
Brazil, all 
other Latin 


been 
virus used American 
countries. 

New Jersey Type.—One strain consisted of origi 
nal epithelium from a natvral outbreak in Panama. 
This strain had been preserved at —20C. for sev- 
eral months before The strain 
sisted of epithelium from the fifth bovine passage 
of the Huando strain Peru. This had 
stored at —20C. for more than one year. 

Indiana Type.—Two strains, designated ‘‘San 
Mareos Strain, XII passage’’ and ‘‘ Carillo Puerto 
Vera Cruz Cosecha No. 995067 de 21/7/52”"’ 
used. These strains came from Peru and Mexico 
by courtesy of the Instituto Nacional Anti-Aftoso 
Mexico-Americana de la Fiebre 


use. second con- 


from been 


were 


and Commissién 
Aftoso, respectively. 

Inoculums.—All inoculums prepared by 
grinding 1 to 2 Gm. of lingual epithelium with 
sterile sand and resuspending the material in buf- 
The suspension 


were 


fered saline as a 1:5 suspension. 
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was centrifuged at 2,500 r.p.m. for ten minutes 
in a horizontal centrifuge. 

A portion of the supernatant fluid was mixed 
with an equal quantity of a penicillin and strep- 
tomycin solution so that the final virus suspension 
represented a 1:10 dilution of the original mate- 
rial. The concentration of antibiotics was caleu- 
lated to provide 1,000 units of penicillin and 1 mg. 
of streptomyein per cubic centimeter of suspen- 
sion. The suspension was allowed to stand in the 
refrigerator at 4C. for a half hour after which it 
was checked for sterility by inoculating fluid thio- 
glycolate medium. 

Tenfold serial dilutions were prepared from each 
suspension beginning with a dilution of 1:10 of the 
original material. These dilutions were made with 
phosphate buffer solution. 

Diluent.—A_ stock solution of phosphate buffer 
was prepared in with the following 
formula: 

NazHPO,12H-O 
Distilled water 


accordance 


2.6 Gm. 
36.0 Gm. 
1,092 ml. 


This stock solution was diluted 1:20 with dis- 
tilled water, as required, and sterilized in the auto- 


clave. The pH range of the final diluent was 7.5 


to 7.7. 

Mice.—A Rockefeller Institute strain of Swiss 
mice was used throughout these experiments. The 
suckling mice were all 7 to 8 days of age and the 
adult mice were all 30 to 50 days of age, weighing 
13 to 16 Gm. each. The weights of the adult mice 
were somewhat lower than normal due to the sys- 
tem of breeding wherein each mother suckles 8 in 
fant mice instead of the usual 4 to 5. The normal 
weight at these ages would be 18 to 22 Gm. 

Complement-Fixation Test.—The complement- 
fixation test used in these experiments was carried 
out according to techniques already described *™ 
with the modifications indicated below. This tech- 
nique uses 50 per cent end point readings utilizing 
a spectrophotometer. 
epithelium, muscle 


Antigens.—Bovine tongue 


and brain tissues from the adult and suckling mice 
were the tissues used. A basic 1:5 suspension was 
made for titration and further passage and a por- 
tion reserved to prepare antigens for the comple 
ment-fixation test. Whenever possible two types 
of antigens were prepared from each suspension, 
one by extraction with chloroform (CLE autigen) 
and the other by high speed centrifugation (HSC 
antigen). Centrifugation was carried out in an 
international refrigerated centrifuge for thirty 
minutes at 16,000 r.p.m. with the aid of a multi 
speed attachment. 

Complement.—Four 50 per cent units of lyo 
philized complement prepared by The Texas Bio- 
logical Laboratories were used in each test. 

Antiserums.—Hyperimmune serums prepared in 
guinea pigs with standard types O, A, and C foot 
and-mouth disease viruses and Indiana and New 
Jersey VSV were used. Some of the anti-foot-and 
mouth disease serums were prepared in our labo- 
ratories, the remainder were obtained from The 
Virus Research Institute, Pirbright, England. The 
anti-vesicular stomatitis serums were obtained from 
the Animal Disease and Parasite Research Branch, 
Agriculture Research Service, U.S.D.A. 

Procedure.—Each of the original inoculums was 
typed by the complement-fixation test and titrated 
it both suckling and adult mice. The tenfold serial 
dilutions of virus were inoculated intraperitoneally 
into groups of suckling mice and intracerebrally 
into adult mice, under light ether anesthesia. Each 
suckling mouse received 0.05 ml. of the suspension 
and adult mouse 0.03 ml. The mice were 
examined twice daily for clinical signs of disease 


each 


and for deaths. 

Brain and muscle tissue 
each group of mice which showed clinical signs of 
the disease and a separate 1:5 suspension was pre 
pared from each tissue. This suspension was used 
for titration and to make further passages. 

Serial passages of each strain were 
until clear-cut results were obtained in suckling and 
adult mice or by the complement-fixation test or 


were harvested from 


continued 


by both methods. 


TABLE 1—Experiments with Titration in Suckling Mice of Type O Vallée Foot-and-Mouth 
Disease Virus and Complement-Fixation Results 


Titer in 
suckling 
mice * 


Strains and 
material Passage 
used No. 


Complement-fixing reaction 


Type of 


antigen Serum O Serum A Serum C 


Strain 1 
Bovine tongue 
Suckling mice 
Muscle 


Brain 


HSC 


CLE 
HSC 
CLE 
HSC 


Strain 2 
Bovine tongue 
Suckling mice 
Muscle 1 
Brain 1 


10° 


10 4.2 
<10- 


HSC 


HSC 0 
HSC 0 0 


* The same suspensions were titrated in adult mice and no virus was detected; HSC—high speed cen 


trifugation; CLE—chlioroform extracted ; 
with both New Jersey and 


* numbers represent the percentage of fixation. 
Indiana type serums not shown. 


Negative results 
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1 10-*5 100 0 0 

100 20 40 

1 10-! 0 0 0 

0 0 0 

; 
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The 50 per cent end point was caleulated by the 
Reed and Miiench method based on death of in- 
oculated mice.” 


EXPERIMENTS AND RESULTS 
Typz O Foot-anp-MoutH DisEase Virus 

Strain 1.—Serial dilutions of virus in- 
fected bovine tongue epithelium ranging 
from 10° to 10-7 were inoculated into 
groups of suckling and adult mice. Eight 
mice of each age group were used for each 
dilution. A titer of 10-°-° was obtained in 
the suckling mice but no deaths or signs 
of disease were observed in the adult mice. 
The bovine antigen gave positive fixation 
with anti-type O serum and a negative re- 
action with the other antiserums. 

Antigens prepared from muscle tissue of 
the dead suckling mice showed strong fix- 
ation with anti-type O foot-and-mouth dis- 
ease serum in the complement-fixation test 
while an antigen prepared from the brain 
tissue showed no fixation. 

These antigens were titrated in suckling 
and adult mice. The muscle antigen showed 
a titer of 10-*° in suckling mice but the 
10 dilution was not infective for adult 


mice. The brain antigen appeared to have 
no infectivity for either group of mice in 
a dilution of 107. 

Strain 2.—The same procedure was re- 
peated with the second type O strain. The 
titer of the virus in suckling mice was 10° 


while adult mice showed no evidence of 
disease. The HSC bovine antigen gave 
strong fixation with anti-type O serum; 
however, some fixation with anti-types A 
and C serums was noted. 

Antigens prepared from muscle tissue 
from the dead suckling mice gave clear 
fixation with anti-type O serum. Brain 
tissue antigens were negative (table 1). 


Type A Virus 


Strain 1.—Serial dilutions of virus-in- 
fected tongue epithelium gave titers of 
10°? in suckling mice aud 10-** in adult 
mice. The thioglycolate medium showed 
that the inoculum had not been sterile and 
these titers were probably inaccurate. 

An antigen prepared from the original 
material gave clear complement fixation 
with anti-type A foot-and-mouth disease 
serum. 

Muscle and brain tissue was harvested 
from both groups of mice for typing and 


titration. An HSC antigen from suckling 
mouse muscle gave 70 per cent fixation with 
anti-type A serum and slight fixation with 
anti-type O serum. The same tissue gave a 
titer of 10-*° in suckling mice. Brain tissue 
gave no fixation and a low titer of 10°. 

A second passage was made in suckling 
mice, using a suspension of muscle tissue 
from the first passage. Brain and muscle 
tissues were again harvested. A CLE an- 
tigen prepared from the muscle tissue gave 
37 per cent fixation with anti-type A se- 
rum. However, the HSC antigen showed 
strong fixation with anti-type A serum 
and slight fixation with anti-type O serum 
(36%) and anti-type C serum (15%). The 
muscle tissue gave a titer of 10°*°. Three 
more passages were made in suckling mice 
in order to obtain a clearer result. Titra- 
tion and complement-fixation test results 
are shown in table 2. 

Strain 2.— The first passage of this 
strain showed a titer of 10-*-7 in suckling 
mice and was negative for adult mice. 
Strong fixation with anti-type A serum 
was obtained with an antigen prepared 
from the inoculum. 

Muscle and brain tissue was harvested 
from the suckling mice for titration and 
complement fixation. Muscle tissue gave a 
titer of 10°°* and brain tissue a titer of 
10°**. The CLE antigen from muscle tis- 
sue showed only slight fixation (20% ) with 
anti-type A serum and no fixation with the 
other antiserums after the usual half-hour 
incubation. However, readings taken after 
fifteen minutes of incubation showed strong 
fixation with anti-type A serum while com- 
plete hemolysis was noted in the other se- 
rums and control tubes. The HSC antigen 
gave stronger fixation (81%) with anti- 
type A serum but some fixation was also 
observed with anti-types O (20%) and C 
(10%) serums. An HSC antigen from 
brain tissue gave no fixation. 

Four more passages were made in suck- 
ling mice. Musele and brain tissue was 
harvested from each passage for titration 
and typing. The CLE antigen from muscle 
from the second passage gave stronger fix- 
ation with anti-type A serum (50%) and 
no fixation with the other types. Similar 
results were obtained with material from 
the third and fifth passages. The HSC an- 
tigens gave stronger fixation with anti-type 
A serum but hemolysis was not complete 
with the other antiserums. 


7 
. 
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All the brain tissue antigens gave nega- 
tive results. These results are summarized 
in table 2. 


Tyre C Foot-anp-Moutu Disease Virus 

Strain 1.—This strain produced a titer 
of 10-*-* when inoculated into suckling mice 
but the adult mice showed no reaction. The 
inoculum gave strong fixation with anti- 
type C foot-and-mouth disease serum. 

A CLE antigen prepared from harvested 
mus¢cle tissue gave strong fixation with 
anti-type C serum (85%) and a very slight 
reaction (5%) with anti-type A serum. 
The HSC antigen prepared from this tis- 
sue gave almost the same results, there be- 
ing strong fixation with anti-type C and 
very slight fixation with anti-types O and 
A serums. The brain tissue antigens gave 
negative results. 

Strain 2.—The first 
tive in adult mice and 


passage 


gave 


was nega- 
a titer of 


10°** in suckling mice. An HSC antigen 
prepared from the inoculum showed only 
slight fixation with anti-type C serum. 

A suspensiov of muscle tissue from the 
first passage gave a titer of 10°** and an 
HSC antigen prepared from it showed 
slight fixation (24%) with anti-type C 
serum. 

The HSC muscle antigen from the see- 
ond passage in suckling mice gave much 
stronger fixation (98%) with anti-type C 
serum and slight fixation with anti-type O 
and A serums (10% and 23%, respectively ). 

Two more passages were made in suck- 
ling mice. Antigens were not prepared 
with material from the third passage but 
muscle was harvested from the 
fourth passage for titration and comple- 
ment fixation. A titer of 10°" was ob- 
tained and clear fixation was observed with 
anti-type C serum with both types of anti- 
gen (table 3). 


tissue 


TABLE 2—Experiments with Titration in Suckling Mice of Type A Vallée Foot-and-Mouth 
Disease Virus and Complement-Fixation Results 


Titer in 
suckling 
mice * 


Strain and 
material 
used 


Passage 


No. 


Complement-fixing reaction 


Type of 


antigen Serum O Serum A Serum © 


Strain 1 

Bovine tongue 10-75 
Suckling mice 

Muscle 

Brain 

Muscle 


Muscle 


Brain 
Muscle 


Brain 
Muscle 


Brain 


CLE 
HSC 


HSC 
HSC 
CLE 
Hsc 
CLE 
Hsc 
HSC 
CLE 
HSC 
HSC 
CLE 
HSC 
HSC 


Strain 2 
Bovine tongue 
Suckling mice 
Muscle 


Brain 
Muscle 


Brain 
Muscle 


Brain 
Muscle 


Muscle 10 


Brain 10-37 


CLE 


CLE 
HSC 
HSC 
CLE 
HSC 
HSC 
CLE 
HSC 
HSC 
CLE 
HSC 
CLE 
HSC 
HSC 


* The same suspensions were titrated in adult mice and no virus was detected; HSC—high speed 


centrifugation; CLE—chloroform extracted; ** 


numbers 


represent the percentage of fixation. Negative 


results with both New Jersey and Indiana type serums not shown. 
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0 100 ** 0 
| 29 100 29 
20 70 0 
0 0 0 
0 37 0 
36 100 15 
10-*3 0 20 0 
6 70 5 , 
10-1" 0 0 0 
4 0 5 0 
27 100 36 
4 10-7 0 0 0 
| | 5 10-*7 0 100 0 
10 100 
5 10-7 0 0 0 
1 105-3 0 20 0 
20 81 10 
| | 1 10-78 0 0 0 ‘ 
2 10-3 0 50 0 
10 65 0 
2 10-37 0 0 
3 10-5 0 59 0 
40 100 17 
10-37 0 0 0 
4 10-* 0 0 0 
11 41 17 
30 100 10 
0 0 0 
. 
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New JERSEY VESICULAR STOMATITIS VIRUS 

Strain 1.—Serial dilutions of virus were 
inoculated into groups of 8 suckling and 
adult mice. Of the 8 suckling mice inocu- 
lated, only 2 died but in adult mice a titer 
of 10°*° was obtained. 

Musele and brain tissue was harvested 
from the adult mice. A suspension of 
brain tissue gave titers of 10°°* and 10°°" 
in adult and suckling mice, respectively, 
while a reusele tissue suspension gave titers 
of 10°*" in adult mice and 10°'* in suck- 
ling mice. 

Both the CLE and HSC brain antigens 
gave 100 per cent fixation with New Jer- 
sey anti-vesicular stomatitis serum and no 
reaction with any of the other antiserums. 
Both antigens prepared from the musele tis- 
sue of adult mice failed to produce fixation. 

Strain 2.— A suspension of this strain 
did not appear to affect suckling mice but 
in adult mice 4 of the 8 inoculated with a 
10°' dilution of virus became infected and 
died. Brain and muscle tissue was har- 
vested from the 4 dead mice. 

Muscle tissue gave a titer of 10°" in 
adult mice and 10°" in suckling mice. 

Brain tissue suspension gave a titer of 
10° in adult mice and 10*° in suckling 
mice. 

Both CLE and HSC muscle antigens 
gave no reaction with any of the anti- 
serums. Similar brain tissue antigens gave 
clear fixation with anti-New Jersey type 
serum (table 4). 


INDIANA VESICULAR STOMATITIS VIRUS 

Strain 1—Serial dilutions of virus from 
10° to 10-7 from bovine tongue epithelium 
were inoculated in suckling and adult mice. 
Titers of 10°'* and 10°**, respectively, were 
obtained. 

Muscle and brain tissue were harvested 
from each group of mice and a 1:5 suspen- 
sion prepared for titration and antigen. 
Each series of virus suspensions was ti- 
trated in suckling and adult mice. 

Adult mice muscle gave titers of 10-°° 
and not less than 10-°° in suckling and 
adult mice, respectively. Adult mice brain 
showed titers of 10-°* and 10°°*. Suckling 
mice muscle gave titers of 10-°° and 10° 
and suckling mice brain titers of 10°-°-* and 
not less than 10°*°. 

The HSC antigen prepared with brain 
from suckling mice, first passage, and the 
two CLE and HSC antigens prepared with 
brain from adult mice showed 100 per cent 
fixation with anti-Indiana vesicular stoma- 
titis serum and negative results with the 
other antiserums. 

The four antigens prepared with muscle 
from both groups of mice gave no fixation 
with all serums tested. 

Strain 2.—Serial dilutions of bovine 
tongue epithelium, inoculated in groups of 
suckling and adult mice, gave the titers of 
10°-* and 10°**, respectively. 

Brains and muscles were harvested sep- 
arately from dead mice of both groups and 
1:5 suspensions prepared for antigens and 
titration. 


TABLE 3—Experiments with Titration in Suckling Mice of Type C Waldmann Foot-and- 


Mouth Disease Virus and Complement-Fixation Results 


Titer in 
suckling 
mice * 


Strains and 
material Passage 
used No. 


Complement-fixing reaction 


Serum C 
Waldmann 


Type of 


antigen Serum O Serum A 


Strain 1 
Bovine tongue 
Suckling mice 
Muscle 


Brain 


HSC 
CLE 
CLE 
HSC 


Strain 2 
Bovine tongue 
Suckling mice 
Muscle 
Brain 
Muscle 
Muscle 


HSC 


HSC 24 
HSC ) 
HSC 23 98 
CLE 97 
HSC 5 97 


* The same suspensions were titrated in adult mice and no virus was detected; HSC—high speed 


centrifugation; CLE—chloroform extracted ; 


* numbers 


represent the percentage of fixation Negative 


results with both New Jersey and Indiana types serums not shown. 


‘ 
10-*3 0 0 100 ** 
0 5 85 
1 10-55 5 23 91 
0 0 0 
10-3" 0 0 0 
1 10-* 
1 10-1 
2 
4 
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Antigens from adult mice brain gave 
100% fixation with anti-Indiana type se- 
rum. Muscle antigens were negative. The 
infective brain showed titers of 10-** and 
10°°* for suckling and adult mice, respec- 
tively. The muscle tissue gave 10°°° and 
10°*° titers, respectively. 

Brain and muscles from suckling mice, 
first passage, were harvested and 1:5 
suspensions prepared for antigens and 
titration. 

An HSC brain antigen and HSC as well 
as CLE muscle antigens showed 100 per 
cent fixation with anti-Indiana type serum 
and negative results with all other serums. 

Brain tissue gave titers of 10-° and 10-* 
in suckling and adult mice, and muscle 
tissue showed a titer of not less than 10-*° 
in both age groups (table 5). 

DIscUSSION 

Due to difficulties of isolation, manipu- 
lation, and expense, the classical method 
of inoculating large animals for differen- 
tiation between foot-and-mouth disease and 
vesicular stomatitis is less and less favored. 
According to Traum," it is sometimes dif- 


ficult to obtain definitive results by this 
method, particularly when only one group 


oi animals can be used. In addition, ap- 
proximately seven days must elapse before 
a final result is obtained *® and even then, 
in the case of foot-and-mouth disease, gives 
no indication of the type of virus which 
caused the outbreak. 

On the other hard, the complement-fix- 
ation test can usually be relied upon to 


differentiate between vesicular stomatitis 
and foot-and-mouth disease viruses and 
between types and strains as well. How- 
ever, a negative result does not always sig- 
nify an absence of virus. For this reason 
the Mexico-United States Commission for 
the Eradication of Foot-and-Mouth Dis- 
ease’ adopted a diagnostic test which 
combined the complement-fixation test witn 
large animal inoculations. The procedure 
consisted of a complement-fixation test on 
the original sample of lingual epithelium 
and the coneurrent inoculation of at least 
2 susceptible cattle with a portion of the 
same sample. If the first complement-fixa- 
tion test gave negative results and the sus- 
ceptible cattle developed vesicular lesions, 
it was pessible to obtain fixation with epi- 
thelium from the inoculated animal. In 
this way, the Commission laboratory was 
able to increase the number of positive di- 
agnoses of their results by 10 to 15 per 
cent. During a period of two years, the pri- 
mary complement-fixation test confirmed 
the presence of foot-and-mouth disease vi- 
rus in four samples and vesicular stoma- 
titis virus in 308 samples of epithelium. 
Animal inoculations enabled them to iso- 
late foot-and-mouth disease virus from a 
further 14 samples and VSV from 53 sam- 
ples, thus increasing the total positive di- 
agnoses from 312 to 379. It will be noted 
that the increase was particularly striking 
in the case of foot-and-mouth disease. 
Our experience tends to confirm these 
observations which indicate that the com- 
plement-fixation test, alone, can not be re- 
lied upon entirely. However, in countries 


TABLE 4—Experiments with Titrations in Mice of New Jersey Type Vesicular Stomatitis 
Virus and Complement-Fixation Reactions 


Infective titer 


in 


Strains nd 


Complement-fixing reaction 


material Passage 
used No. 


Suckling 
mice 


Adult 
mice 


Indiana 
serum 


Type of 
antigen 


New Jersey 
serum 


Strain 1 
Bovine tongue 
Adult mouse 
Muscle 


Brain 10-37 


10 4.5 


10-*? 


10-*? 


Strain 2 

Bovine tongue <10-1 
Adult mouse 

Muscle 1 10-17 


Brain 1 10-** 


10-4 


CLE 
0 


10-* HSC 96 


CLE—chloroform extracted; HSC 


fixation. 


high speed centrifugation; * numbers represent the percentage of 
All antigens gave negative results with foot-and-mouth disease types O, A, 


and C serums 


| 
= 
1 CLE 0 0 
Hsc 0 0 
CLE 97 0 
HSC 99 0 
iz CLE 98 0 
HSC 96 0 
0 
0 
0 
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where one or both of these diseases is enzo- 
otic, the procurement of susceptible cattle 
becomes an almost insurmountable prob- 
lem. The maintenance of special isolation 
facilities and the consequent high cost of 
animals render the inoculation of cattle 
impractical and uneconomic. The object 
of the present study has been to eliminate 
the need for large animals by substituting 
mice wherever feasible. 

Henderson '* has shown that mice, 3 to 
4 weeks of age, are as susceptible as cattle 
to VSV when inoculated intracerebrally. 
Skinner ® and Skinner, Henderson, and 
Brooksby '? have also shown that suckling 
mice are almost as susceptible as cattle to 
the virus of foot-and-mouth disease. Seven 
of eight cattle strains of foot-and-mouth 
disease virus gave the same 50 per cent 
end point when titrated by intradermal 
inoculation of the tongue in cattle and 
simultaneously in suckling mice by intra- 
peritoneal inoculation. Vive of these eight 
strains were of recent field origin. Six 
titrations carried out in this laboratory in 
the same manner gave similar indications, 
the difference between the results in cattle 
and mice titrations being not more than 
log 0.5. 

In this study, it was found that all ten 
strains of virus used were infectious for 
mice. None of the six strains of foot-and- 
mouth disease virus were infective for 
adult mice by intracerebral inoculation but 
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all were infective for suckling mice by in- 
traperitoneal inoculation. The low titers 
obtained with types A and C virus were 
probably due to lack of refrigeration dur- 
ing transportation. 

On the other hand, VSV was pathogenic 
for adult mice by intracerebral inoculation 
but of low pathogenicity for suckling mice 
by the intraperitoneal route. This differ- 
ence was most striking with the New Jer- 
sey type virus. 

investigations on the use of mouse tissue 
as an antigen for the complement-fixation 
test have shown that this material gives 
very satisfactory results. Musele from in- 
fected suckling mice appears to contain a 
high concentration of foot-and-mouth dis- 
ease virus while the brains of adult mice 
contain a high concentration of virus when 
infected by VS. In the case of foot-and- 
mouth disease virus, material from the first 
mouse passage gives definitive results with 
type © virus, a very high percentage of 
complement fixation being obtained. Types 
A and C do not give such a high percent- 
age of fixation but further passages could 
be made until definitive results are ob- 
tained. Brain tissue antigen from suck- 
ling mice always gave negative results with 
anti-foot-and-mouth serum which 
agrees with the observations of Rohrer’ 
who was unable to obtain fixation with 
infected mouse brains even after 1,300 
passages. 


d isease 


TABLE 5—Experimenis with Titration in Mice of Indiana Type Vesicular Stomatitis Virus 


and Complement-Fixation Results 


Infective titer 


Strains and 
material 
used 


Strain 1 

Bovine tongue 

Adult mouse 
Muscle 


Brain 

Suckling mouse 
Muscle 
Brain 


Complement-fixing reaction 


Type of 


antigen 


Indiana 
serum 


Adult 
mice 


New Jersey 


serum 


Strain 2 
Bovine tongue 
Adult mouse 
Muscle 


Brain 


Suckling mouse 
Muscle 


Brain 1 10-* 


>10-*5 
100 
10-° 99 


CLE—chloroform extracted; HS¢ 


fixation. All antigens gave negative results with foot-and-mouth disease types O, A 


high speed centrifugation ; 


numbers represent the percentage of 


and C serums 


. 
in 
No mice 
1 10-5 10-* CLE ( 0 
HsS¢ 0 0 
1 10-*-4 10-* CLE 98 
92 
1 CLE 0 0 

1 10-35 10-2 CLE 0 0 

Hs¢ ) 0 
10-*5 10-* CLE 0 97 
Hs< 0 O7 
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Muscle tissue from adult mice infected 
with VSV failed to produce fixation al- 
though the tissue was known to contain an 
appreciable amount of virus. Brain tis- 
sue, on the other hand, yielded an antigen 
which consistently produced good fixation. 
This tissue showed a high concentration of 
virus. The Indiana strain of VSV which 
appeared to be more invasive than the 
New Jersey strain also gave fixation with 
an antigen prepared from suckling mouse 
muscle. 

In general, a striking difference was 
noted between the results obtained with 
the two different types of antigen. While 
high speed centrifugation gave an antigen 
which showed strong fixation with homolo- 
gous antiserums, a certain degree of non- 
specificity was observed. In contrast, the 
chloroform-extracted antigen gave a clearer 
result but weaker fixation. 

From these experiments, it would appear 
that mice may safely be used to replace 
cattle in the differential diagnosis of VS 
and foot-and-mouth disease. A routine di- 
agnostic test has therefore been developed 
for suspect material and is conducted as 
follows: 

A 1:5 suspension is prepared. A_por- 
tion of this suspension is used in the com- 
plement-fixation test and the remainder 
treated with penicillin and streptomycin 
before intraperitoneal inoculation into 
suckling mice and intracerebrally into 
adult mice. 

Mortality, in suckling mice only, indi- 
cates that the virus is that of foot-and- 
mouth disease whereas mortality in adult 
mice or both adult and suckling mice indi- 
cates VSV. 

Antigens are prepared from brain and 
muscle tissue of all dead mice. Brain anti- 
gens are consistently negative by comple- 
ment-fixation test with anti-foot-and-mouth 
disease serum but give a positive reaction 
with anti-vesicular stomatitis serum. Mus- 
cle antigen from suckling mice infected with 
foot-and-mouth disease will give positive 
fixation with the homologous antiserum. 

Vesicular exanthema virus was not in- 
cluded in this study but to date mice do 
not appear to be susceptible to this virus.'* 


CONCLUSIONS 


1) Foot-and-mouth disease virus is in- 
fective for suckling mice, 7 to 8 days old, 


inoculated intraperitoneally but shows no 
pathogenicity for adult mice 30 to 50. days 
old injected intracerebrally. 

2) In suckling mice, dying after intra- 
peritoneal inoculation of foot-and-mouth 
disease virus, muscle is much richer in 
virus than brain tissue. Antigens prepared 
from muscle give positive complement fix- 
ation with known serums. Brain antigens 
were in all instances negative. 

3) The strains of vesicular stomatitis 
virus used appeared to be infective for 
mice of both ages. Adult mice inoculated 
intracerebrally seem to be more susceptible 
than suckling mice injected intraperitone- 
ally. This difference is more marked with 
New Jersey strains. In one instance, virus 
could be isolated by intracerebral inocula- 
tion of adult mice while suckling mice re- 
mained normal. 

4) In adult mice dying after intracer- 
ebral inoculation of vesicular stomatitis 
virus, brain contained more virus than 
musele. In suckling mice, the difference 
of titers between brain and muscle is not 
so evident. Antigens prepared with brain 
either from adult mice or suckling mice 
gave positive complement fixation with 
known positive serum. Antigens prepared 
with muscle from adult mice were consis- 
tently negative while antigens prepared 
with muscle from suckling mice may or 
may not give positive fixation. 

5) A test to isolate and differentiate 
vesicular stomatitis virus from foot-and- 
mouth disease virus by use of adult and 
suckling mice in combination with the 
complement-fixation test is practicable and 
economical. 

SUMMARY 

The previous work on susceptibility of 
mice to the viruses of vesicular stomatitis 
and foot-and-mouth disease is reviewed. 

The authors describe experiments with 
two strains of each of the three classical 


types of foot-and-mouth disease virus and 
the two types of vesicular stomatitis vi- 
rus. The pathogenicity of these strains for 
adult and suckling mice inoculated intra- 
cerebrally and intraperitoneally, respec- 
tively, was investigated as well as the use 


of infected mouse tissue as an antigen for 
the complement-fixation test. 
It is suggested that suckling and adult 
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mice might replace large animals to a large 
extent in checking specimens which give 
negative results with the complement-fixa- 
tion reaction. 

A mouse test is outlined for the isolation 
and differentiation of vesicular stomatitis 
and foot-and-mouth disease viruses. 
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Studies on Pasteurella Multocida. |. A Hemagglutination Test 
for the Identification of Serological Types 


G. R. CARTER, D.V.M., M.S. 


Guelph, Ontario 


IT HAS BEEN shown by means of a precipi- 
tin reaction that smooth or fluorescent 
strains of Pasteurella multocida possess a 
type-specific capsular antigen.? On the 
basis of serological differences in this sub- 
stance, three types, A, B, and C were iden- 
tified. An additional type, designated D, 
was demonstrated by precipitation and 
capsular swelling tests.* 

It became evident after an extensive 
study of a large number of strains of P. 
multocida that, as routine typing tech- 
niques, the precipitation and capsular 
swelling tests had certain shortcomings. 

In view of recent work on the adsorption 
of bacterial polysaccharides to erythrocytes 
and the subsequent agglutination of the 
treated red blood cells by specific antibody, 
it was thought that this procedure might 
lend itself to the identification of serologi- 
cal types of P. multocida. In this report a 
hemagglutination technique is described 
which has given results exceeding in speci- 
ficity any of the previously employed typ- 
ing methods. Some indication of the al- 
ready widespread use of this technique can 
be gathered from Landy’s® review of he- 
magglutination procedures. 

The dissociation pattern of P. multocida 
has been referred to previously.*:*:* For 
practical purposes there are three princi- 
pal colonial variants: (1) mueoid, (2) 
smooth or fluorescent, and (3) noneapsu- 
lated or rough. The principal characteris- 
tics of these three variants are summarized 
in table 1. Less frequent intermediate va- 
riants composed of sparsely capsulated or- 
ganisms are seen often in avian cultures 
and laboratory strains that have been 
maintained for some time on artificial 
mediums. 

Many cultures of P. multocida recovered 
from carrier animals and chronic processes 
in swine, poultry,** and rabbits are com- 

From the Department of Bacteriology, Ontario Veteri 
nary College, Guelph. 

The Diagnostic Laboratory of the Ontario Veterinary 
College and the Veterinary Laboratory of the Province 
of Alberta kindly submitted strains of P. multocida. The 
author thanks Mr. John Muysson for his technical 
assistance 


posed of predominantly mucoid variants. 
The capsules of the constituent organisms 
are large and are composed of hyaluronic 
acid.** These mucoid cultures are not typ- 


TABLE i—Some Characteristics of the Principal 
Variants of Pasteurella Multocida 


Mouse 
virulence 


Growth 
in broth 


Mucoid 
deposit 
Diffuse 


Colonies 


Variants on agar 


Mucoid 


Large, flowing Moderate 


Smooth Medium sized, High 
(fluorescent ) 


Rough (blue) 


discrete 
Autoagglu- Low 
tination 


Small, discrete 


able by agglutination, precipitation, or 


capsular swelling techniques.*° 


MATERIALS AND METHODS 


Preparation of Extracts of Pasteurella Multo 
The 18- to 24-hour confluent growth from a 
blood-agar plate (7 to 8 per cent horse blood or a 


cida, 


fresh beef infusion-agar plate) was removed with 
4 ml. of normal saline solution. It was heated at 
56 C. for thirty minutes to assist the removal of 
the capsular antigen. The organisms then 
separated by centrifugation and the supernatant 
transferred to another tube. 
Preparation of Human Type 
Sheep and chicken red blood cells were not satis- 
factory because they contain heterophil antigens 
as do many strains of P. multocida. Several sam 


were 


O Erythrocytes. 


ples of horse cells were also found to be wnsatis 
factory. The human O red were obtained 
through the courtesy of local hospitals. They were 
results for periods up to 
The cells were stored 


cells 


used with satisfactory 
four weeks after collection. 
in the original transfusion bottles and sufficient 
blood for three days was drawn off aseptically 
with a syringe. These samples were washed three 
times with 6 volumes of saline solution. The 
packed cells from the last washing were stored in 
the refrigerator and used as desired for a period 
of three days. 

Sensitization of Erythrocytes with Extract.—To 
each bacterial extract consisting of approximately 
3 mil., there was added 0.2 ml, of packed red cells. 
After thorough mixing, the extracts and cells were 
placed in the ineubator at 37C. for two 
The red cells were then separated by centrifuga 
tion and washed onee with 10 ml. of normal saline 
solution after which sufficient saline solution was 


hours. 


added to give a 1 per cent suspension. 
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Preparation of Immune Serums.—The two se- 
rums, 1001 and 1305, were prepared in eattle and 
supplied through the courtesy of the Connaught 
Medieal Laboratories. Six additional bo- 


vine serums were also available but were not used 


Researeh 


TABLE 2--The Type Specificity of Strains of 
Pasteurella Multocida as Shown by the Hemagglu- 
__tination Test 


Reciprocals of serum dilutions 


Culture 
extract 10 20 40 


80 160 320 


Serum 


1001(A)* 
1001(A) 
1001(A) 
1305(B) 
1305(B) 
305(B) 


1001(A) 4 } 4 + 
1305(B) 

8361(C) 

1001(A) 

1305(B) 

361(C) 

1001(A) 

1305(B) 

361(C) + + + 


routinely. The other serums were prepared in rab 
bits. Satisfactory 
tained after approximately ten intravenous injee 
killed 
The organisms constituting the 


rabbit serums were usually ob 


cent 
killed 
aatigens were derived from young, blood-agar cul 


tions of suspensions with 0.25 per 


formalin. 
tures. These organisms were washed in saline and 


then diluted in formalized saline until each milli 


liter contained approximately 10° cells. It was cus 
tomary to give the first antigen injection subeu 
titer 
after the series of killed antigen 
administered subcutaneously. 


taneously. If sufficient was not obtained 
live 
cultures The 
dosage began at 0.25 ml. of a young broth culture 
and in some instances was increased gradually to 
20.0 ml. 
addition of 9.2 ml. of packed, washed human ¢ells 
to each 1.5 ml. of After ineubation 
for several hours, the were 
centrifugation. 

Performance Test. 
fold serial dilutions of the immune type serums 
made in saline in 12-mm. diameter tubes. 
The dilutions employed are listed in table 2. Rou 
tinely, 0.4 ml. of a 1 per cent suspension of treated 
red blood cells were added to the tubes containing 
0.4 ml. of the dilutions. The two control 
tubes were: (1) 0.4 ml. of 1 per cent sus 
pension of treated cells and (2) 0.4 ml. of 1:5 
dilution of the serum used plus 0.4 ml. of 1 per 
After it 
learned that a serum did not possess agglutinins 
for the human cells, the second control tube was 
omitted. 

The racks of tubes were shaken vigorously then 
left at room temperature for approximately two 
hours, at which time a reading was taken. The 
tubes were then placed in the refrigerator and a 
second reading was made the following morning. 
seen only at 


injections, 


were 


All immune serums were absorbed by the 


serum, 
cells removed by 


of Hemagglutination Two 


were 


serum 


used 


cent suspension of erythrocytes. was 


Positive reactions were occasionally 
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the second reading. This slower agglutination was 
attributed to a small amount of capsular antigen 
adsorbed to the red cells. To facilitate reading 
the test after two hours, the tubes were held over 
positive re 
while a 


a well-lighted microscope mirror. A 
action consisted of marked agglutination 
negative test showed no evidence of clumping. The 
following morning, the tests were read by shaking 
the tubes lightly to dislodge the cells. The 
were then settle and a reading 
made over a mirror as described above. 
Strains of Pasteurella Multocida 
These listed in table 3 
animal origin and other data. 


cells 
allowed to was 
Employed. 

to their 
A number of strains 


are 


could not be typed initially because of the absence 
of the capsular antigen. The type-specific capsular 
of two of 1000(A) 
restored by in mice. 


and 
The 


trans 


antigens these strains, 
398(C), 
noneapsulated variants are 
parent agar by their failure to show fluorescence. 
They rough 
( see usually 


were passage 


detectable on 
are referred to as intermediate or 
table 1). 
Some 


Freshly isolated strains are 


capsulated. avian strains, however, are 


either noneapsulated or are only sparsely 
lated on 


passages were not always successful in restoring 


capsu 
primary isolation. One or two mouse 
the capsular antigen. 

Absorption of Immune with 
To 1 ml. of serum to be adsorbed, there was added 
the confluent growth 
The organisms were removed from the plate with 
centrifugation. The 


was ineubated for sev 


Serum Bacteria. 


from one blood-agar plate. 


saline and collected by mix 
ture of serum and bacteria 
eral after which 


plished by centrifugation. 


hours separation was aecom 


RESULTS 


In table 2 are presented the results ob- 
tained with three cultures, the serological 
identity of which had been established by 
other methods. Only cultures yielding a 
predominance of smooth, virulent variants 
were employed. The hemagglutination re- 
actions confirmed in a highly specific man- 
ner the serological identity of the strains. 
A fourth serological type identified as D 
by precipitation and capsular swelling 
tests was also demonstrated by the hemag- 
glutination test. 

The greater number of strains of P. mul- 
tocida isolated in the Ontario Veterinary 
College diagnostic laboratory have been of 
the mucoid variety. These cultures, on pri- 
mary isolation, are composed for the most 
part of large slimy colonies, the organisms 
of which possess large capsules composed 
of hyaluronic acid. When these strains 
were examined by the hemagglutination 
test it was found that hemagglutination to 
a high titer occurred with all the bovine 


361(C) 
3861(C) 
861(C) 
* Serological type as determined by the precipitation 
test 
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type serums but not with any of the im- 
mune rabbit serums. 

To demonstrate the serological distine- 
tion between the mucoid substance and the 
specific antigen, type serums 1000(A) and 
1305(B) were absorbed with the markedly 
mucoid strain 323 of swine origin. The 
type-specific antibodies were not removed 
as both the absorbed serums agglutinated 
the red cells treated with the homologous, 
type-specific antigen. This experiment was 
repeated with the same results, employing 
for the absorptions two other mucoid 
strains. 

In table 3, the strains of P. multocida 
examined in this study are listed according 
to their animal origin and serological type. 

Types A and B were generally associated 
with acute pasteurellosis in cattle and buf- 
falo. Type A strains predominate as the 
cause of fowl cholera. Only type C strains 
have been recovered from eats and dogs. 
Type D infections appear to be generally 
sporadic and have a wide host range. Al- 
though one culture from atrophic rhinitis 
was identified as type B previously,” all 
strains examined in this study from this 
disease have been either type D or mucoid. 
Noneapsulated cultures and mucoid 
strains, as previously observed, were gen- 
erally associated with carrier states and 
chronic processes. 


DISCUSSION 


A further study of type cultures, kindly 
supplied by Roberts," shows that his types 
I, Il, and IV are identical, respec- 
tively, with types B, A, C, and D of this 
study. The original comparison of these 
types gave a somewhat different result.* 
Because of the considerably greater num- 
ber of type D strains identified in this 
study as compared with previous studies,* 
it is thought that some errors may have 
previously occurred in employing the cap- 
sular swelling and precipitation tests, with 
the consequence that some strains 1n real- 
ity type D were erroneously identified as 
type B. Errors, if such did take place, 
could be attributed to an insufficient ap- 
preciation of the dissociative complexity of 
P. multocida. 

Of particular interest is the observation 
that red cells treated with the capsular 
hyaluronic acid of mucoid organisms were 
clumped by all the bovine type serums but 
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by none of the rabbit serums. Even when 
almost totally mucoid strains were in- 
jected repeatedly into rabbits, no ‘‘anti- 
mucoid’’ antibody was demonstrable by the 
hemagglutination test. It may be that the 


TABLE 3—Serological Type and Animal Origin 
of :22 Strains of Pasteurella Multocida as Deter- 
mined by the Hemagylutination Test 


Not typed 


Non 


Mucoid capsulated* Total 


38 
Cattle 2 21 
Poultry 1 36 
Buffalo 5 
Rabbit 3 
Sheep 


Swine 31 
1 


Goat 
Man 
Dog 
Cat 
Deer 


Totals 20 8 6: 24 122 


Composed of predominantly noncapsulated variants 


doses of hyaluronic acid were sufficiently 
large to produce an ‘‘immunological paral- 
ysis.’’ This phenomenon has been observed 
by a number of workers '® with type-spe- 
cific pneumococcus polysaccharides. 

Many of the cultures examined appear 
to contain smooth variants as well as mu- 
coid variants although the latter usually 
predominate. Because the mucoid  sub- 
stance is usually present in an amount 
larger than the specific antigen, the spe- 
cific reaction is blocked. Some preliminary 
work has shown that this blocking can be 
prevented if the hyaluronic acid in the 
bacterial extract is depolymerized with 
hyaluronidase. 

Now that considerable information is 
available on serological and immunological 
aspects of P. multocida, surely the value of 
the traditional bacterins and antiserums in 
the control of pasteurellosis should be re- 
assessed. The recent work of Bain' has 
shown that conventional bacterins are 
without value in the prevention of acute 
systemic pasteurellosis in cattle. Dough- 
erty ° has demonstrated the superiority of 
the chicken embryo vaccine to broth bac- 
terins in the prevention of fowl cholera. 


SUMMARY 


A hemagglutination test is described for 
the identification of serological types of 
Pasteurella multocida. This technique 


| 
Types 
A BC D 
0 0 0 1 1 0 2 
0 0 1 0 J 7 
& 0 0 1 2 | 
0 0 2 
0 0 0 l 
| 
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yields highly specific reactions and is con- 
sidered to have advantages over other typ- 
ing methods. The specific capsular antigens 
and the hyaluronic acid capsular material 
were extracted with saline and adsorbed to 
human type O erythrocytes. To these 
treated cells were added appropriate dilu- 
tions of the specific typing serums. Posi- 
tive reactions consisted of agglutination of 
red cells. One hundred and twenty-two 
strains of P. multocida from various geo- 
graphic sources and animal species were 
typed by the hemagglutination test. Four 
different serological types, A, B, C, and D, 
were recognized. A large number of mu- 
coid strains and noncapsulated cultures 


which were not typable were also found. 
The serological results are discussed briefly 
in relation to the nature and occurrence of 
pasteurellosis in the various species. 


References 


1Bain, R. V. S.: 
Septicaemia of Bovines. 


Vaccination Against Haemorrhagic 
Nature, 173, (1954): 584-585. 


Antigen 
Sci., 30, 


The Type Specific Capsular 
Canad. J. Med. 


* Carter, G. R.: 
of Pasteurella Multocida. 
(1952): 48-53. 

* Carter, G. R., and Byrne, J. L. 
of Hemorrhagic Septicemia Pasteurella 
43, (1953): 223-230. 

* Carter, G. R., and Annau, E.: Isolation of Capsular 
Polysaccharides from Colonial Variants of Pasteurella 
Multocida, Am. J. Vet. Res., 14, (1953): 475-478. 

5 Carter, G. R., and Bigland, C. H.: Dissociation and 
Virulence in Strains of Pasteurella Multocida Isolated 
from a Variety of Lesions. Canad. J. Comp. Med. and 
Vet. Sci., 17, (1953): 473-479 

* Dougherty, E., III: The Efficacy of Several Immu 
nizing Agents for the Control of Fowl Cholera in the 
White Pekin Duck. Cornell Vet., 43, (1953): 421-472. 

7 Elberg, S. S., and Cheng-Lee Ho: Studies on Disso- 
ciation in Pasteurella Multocida. J. Path. and 
Therap., 60, (1950): 41-50 

® Gwatkin, R., Dzenis, L., and Byrne, J. L.: Rhinitis 
of Swine. VII. Production of Lesions in Pigs and Rab- 
bits with a Pure Culture of Pasteurella Multocida. Canad. 
J. Comp. Med. and Vet. Sci., 17, (1953): 215-217. 

* Landy, M.: On Hemagglutination Procedures Utiliz- 
ing Isolated Polysaccharides and Protein Antigens. Am. 
J. Pub. Health, 44, (1954): 1059-1064. 

*” Morgan, P., Watson, D. W., and Cromartie, W. J.: 
Immunization of Rabbits with Type II 
Polysaccharide. Proc. Soc. Exptl. Biol. and 
(1952): 512-516. 

™ Roberts, R. A.: An 
teurella Septica. J. Comp 
261-278 


A Serological Study 
Cornell Vet., 


Comp. 


Pneumococcal 
Med., 80, 


Immunological Study of Pas 
Path. and Therap., 57 (1947): 


' 


Helminth Parasites and Neoplasia 


C. W. SCHWABE, M.S., D.V.M. 


Boston, Massachusetts 


DurinG the last fifty years, papers have 
appeared from time to time which have 
attempted to demonstrate associations be- 
tween helminth parasites and cancer. The 
most recent of these was a report in this 
journal! of 10 cases of malignant esopha- 
geal tumor in the dog and their possible 
relationship to Spirocerca lupi infection. 
As this subject was reviewed in 1933 ? and 
again in 1937, the present discussion will 
confine itself for the most part to the litera- 
ture of the last twenty vears. 


HISTORICAL BACKGROUND 


Although some of the larger helminths were 
known to the earliest civilizations, it was not until 
the fourteenth century that they first were associ- 
ated with In 1379 de Brie, a shepherd- 
veterinarian, discovered that a liver fluke (Fasci- 
ola hepatica) was the cause of necrotie liver 
disease (black in sheep.* This epochal 
event marked the birth of the science of parasitol- 
ogy and, of our knowledge, of the causality of 
infectious During the seventeenth and 
eighteenth centuries many other pathological con- 
ditions were ascribed to helminths, some of which 
are now known to be caused by microorganisms. 
Following this initial flourish, scientifie interest in 
helminthology was virtually eclipsed during the 
nineteenth century by the spectacular 
made in microbiology. In human medicine, hel- 
minthiases came to be considered diseases peculiar 
to the tropies. The discovery of arthropod trans- 
mission of filariasis® helped to revive interest in 
the helminthic diseases, but perhaps the most sig 
nificant contribution to the rebirth of helminthol- 
ogy was the discovery by the Italian veterinary 
pathologist Perroncito”® that hookworms were the 
cause of the epidemic anemia of European miners. 
This recognition that helminths were capable of 
producing severe disease in man, as well as in his 
domestic animals, under temperate conditions cre 
ated new interest in helminth pathogenesis. 

With other advances in the histopathology of 
the helminthiases came the discovery by Curtice * 
that intestinal nodular disease of sheep was caused 


disease. 


disease ) 


diseases. 


advances 


This review was begun while the author was in the 
Department of Bacteriology, School of Veterinary Medi 
cine, Alabama Polytechnic Institute. The author's pres 
ent address is Harvard School of Public Health, Boston 
15, Mass. 

The author is grateful to Miss Ornella Calabi for as 
sistance in the translation of Bogliolo’s review, to Dr. 
R. D. Turk for the opportunity to study the thesis by 
Barron, and to Drs. D. A. Augustine, W. 8S. Bailey, E 
Chernin, and H. R. Seibold for helpful suggestions. 


by a nematode, Oesophagostomum columbianum, 
and was not a form of tuberculosis as had previ 
This and other observations 
that helminths in tissues were responsible for re 
active cellular proliferations of 
prompted speculation upon the oncogenic propensi 

ties of the metazoan parasites. The reactive gran-, 
ulomata characteristic of a variety of helminthic 
diseases, and such microbial diseases as tubereu- 
losis, glanders, and actinomycosis, were studied in 
an attempt to relate them to neoplastic processes. 

Borrel in 1901° discussed a parasitic theory of 
cancer, and in 1906° he reported on an observed 
coincidence of hepatic sarcoma in the rat and the 
of the of the tapeworm Taenia 
taeniaeformis. filtrable agent had 
been shown to be the cause of contagious myxoma 
tosis of rabbits.”” 
by reports on the transmission of fowl leukosis 
and spindle-cell sareoma™ by cell-free filtrates, 
provided the initial impetus to the development of 
a field of experimental oncology. 

Sinee then more than 40 helminths* have been 
incriminated as oncogenic agents. Most 
may be dismissed for the following reasons (see 
Bogliolo® for this literature): (1) no histopatho 
logical evidenee, (2) reactive granulomata with 
no evidence of neoplasia, (3) purely coincidental 
occurrence (for example, trichinae in rhabdomy 
omas). The several relationships discussed here 
are those of actual or potential importance or are 
otherwise of current 


ously been supposed. 


various types 


larvae 
Previously a 


presence 


These discoveries, soon followed 
11 


reports 


interest. 


GONGYLONEMA NEOPLASTICUM 


This nematode (spirurid) parasite, as an adult, 
inhabits the gastric mucosa of the rat. Known 
intermediate inelude various coprophagous 
and meal beetles and cockroaches, 

It was described originally by Fibiger as be 
ing associated with what he considered to be can 
cerous growths in the gastric mucosa of the rat. 
The studies” by Fibiger and his associates with 
this parasite were among the first experimental 
approaches to the cancer problem. Their impor 
tance, widely recognized at the time, led eventually 
to a Nobel Prize. The criteria 
observed by these workers, 
questioned publicly.” 

Brumpt “ examined 750 wild rats, 300 of which 
he found to be naturally infected with G. neoplas 
ticum. Eighteen of these had hyperplastie growths 
in the gastric mucosa, and only 1 had an associ 
ated gastric carcinoma. 

Attempts to repeat Fibiger’s work” have been 
unsuccessful. 


hosts 


for malignancy 


however, were early 


Passey et al.” were able to induce 


gastric hyperplasias only in rats fed on a white 
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bread diet (this diet was used by Fibiger to main- 
tain his rats). These reactions were enhanced by 
infection with G. neoplasticum, but none of the 
Klein and Palmer,” 
gastric carcinoma, 
A deficiency 


growths were carcinomatous. 
in a review on experimental 
expressed the belief that a vitamin 
very likely resulted from the bread diet under the 
conditions of Fibiger’s work; therefore, they dis- 
counted somewhat his findings. (See Tannenbaum 
and Silverstone “ for a discussion of nutrition and 
eancer.) Recently, Hitchcock and Bell” attempted 
to repeat Fibiger’s results. They were able to 
demonstrate in carefully planned experiments that 
‘lesions, similar to those Fibiger produced, oc- 
curred in their experiments only in rats on a vita- 
min A-deficient diet. They also showed that while 
G. neoplasticum affects the gastric mucosa of the 
rat as a chronic biological irritant, examination of 
Fibiger’s original well as their own 
material, failed to reveal growths considered by 
them to be carcinomatous. 

It must be coneluded, therefore, that, while G. 
neoplasticum acts as a biological irritant, it has 
not been demonstrated capable of inciting malig- 
nant growths, when the growths are judged by 
present day criteria for malignancy. 


slides, as 


TAENIA TAENIAEFORMIS 


This cestode parasite, as an adult, inhabits the 
intestinal lumen of the cat and dog. The rat 
serves as an intermediate host; larval parasites 
(eysticerei) develop within cysts in the liver. 

Borrel” first observed a coincidental occurrence 
of hepatic sarcoma in the rat with the presence of 
larval Taenia taeniaeformis (Cysticercus 
laris). Bullock and Curtis *™ subsequently induced 
these neoplasms experimentally by infecting rats 
with eggs of this parasite. To date more than 
7,500 Cysticereus tumors have been experimentally 
produced.” Most of these have 
forty-nine being bone-forming tumors, while a few 
have been of other histological types.“’” The tu- 
mors appear to arise from the fibrous 
formed by the host about the larvae and not from 
the liver itself.“" Both cysts and tumors 
have been successfully propagated in tissue cul 
ture.” Generally, malignant tumors arise only 
following an infection of from 250 to 675 days’ 
duration. Dead or dying parasites have not been 
responsible for the malignant irritation; healthy, 
living larvae have been found within the sarcoma- 
Increased susceptibility to the Cysti 
demonstrated in 


fascio- 


been sarcomas, 


capsule 


tissue 


a, 24 


tous cysts. 
cereus-induced 
certain strains of rats,” 
bility, most of the sarcomatous rats being between 
13 and 19 months of age. Peritoneal metastasis of 
these has been a feature, 
metastases to other organs have also occurred.” 
Dunning and Curtis” have recently shown that 
the intraperitoneal injection of 
ground, washed Taenia larvae into uninfected rats 
produces multiple peritoneal sarcomas and meso- 
theliomas in 23 to 787 days following injection. 


has been 


as has also age suscepti 


tumors 


tumors common and 


suspensions of 
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The active substance appeared to these authors to 
with the 
cles normally present in the body fluid of cestode 
larvae. Attempts to isolate a active 
agent by centrifugation and filtration of larval 
suspensions have not as yet been successful.” ” 


be associated calcium carbonate corpus 


27, 28 


specific 


ScHISTOSOMA HAEMATOBIUM 


This trematode parasite, as an adult, inhabits 
the venules of the bladder, mesenteries, and pubic 
region of man and monkeys. Ova usually migrate 
through the bladder wall and pass out with the 
urine. Various gastropod mollusks serve as inter 


mediate hosts. 
ag associated cancer of the 


man with the 


Ferguson” had early 
urinary bladder in 
schistosome eggs (S. haematobium) on the 
of pathology of 40 Other 
previously suggested such a possibility. 


presence of 
basis 
had 


eases. observers 


Many subsequent reports have claimed or as- 


sumed a causal relationship between 8S. haemato- 
bium, Schistosoma 
ponicum and human eancer; and Schistosoma bovis 
eaneer.” Brumpt™ coneluded on the 
that there is a very 


haematobium 


mansoni, and Schistosoma ja- 
bovine 


statistical 


and 
basis of evidence 


close association between 8. infee- 
tion and the urinary bladder neoplasms in man. 
Afifi,” on the other hand, felt that although the 
assumption of such an association would be diffi- 
eult to avoid (particularly in countries like Egypt 
where the attack from 30 
to 90 % of the population) no one has yet dem 
onstrated that the greater 
in a bilharzial population than in a like, but un 
infected, population. He concluded that, until this 
is shown to be the case or a definite carcinogenic 


schistosomiasis rate is 


incidence of cancer is 


agent or predisposing factor found, the use of the 
‘*bilharzial or i 
unjustified. 


term schistosome c¢anecer’’ is 


SPIROCERCA LUPI 


This parasite, as an adult, inhabits 
the esophageal aortic walls of the 
species. Coprophagous beetles 
diate hosts; various frogs, snakes, lizzards, birds, 


larval transport 


nematode 
and eanine 
serve as interme- 


and mammals function as 


hosts. 


may 


No reference can be found prior to that of Sei 
bold et al which associates the canine spirurid, 
lupi, with 
active proliferations in the aortie and esophageal 
walls, as a result of infection with this parasite, 
but no 


Spirocerca neoplasia. Pronounced re- 


have been noted by most observers, 


evidence of neoplasia or metastasis has been 
recorded. 

In histopathological studies of canine spirocer- 
cosis Hiyeda and Faust,” Hu and Hoeppli,™ and 
Barron found that some ossification occurred in 
aortic lesions with no evidence of such changes in 
the esophagus. Since Hoeppli” was interested at 
that the 


and neoplasia, it seems unlikely that the condition 


time in association between helminths 
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reported by Seibold et al.,' if present, would have 
escaped his notice. 

Jackson,” in his monograph on neoplasia in do- 
mestie animals, mentions but does not deseribe one 
canine esophageal fibrosarcoma among 72 canine 
neoplasms in the Onderstepoort (South Africa ) 
collection. The rarity of primary esophageal tu- 
mors in the dog (Mulligan™ records one carci- 
noma and one leiomyoma), and the presence of 
canine spirocereosis in South Africa™ suggest that 
Jackson’s ease might possibly have been a Spiro- 
cerca sarcoma. 

Yoshida,” in deser‘bing esophageal gnathosto- 
miasis (Gnathostoma spinigerum infection) in 
Japanese mink, a condition somewhat similar to 
canine spirocercosis, remarks on the almost con- 
stant occurrence of calcareous areas in the reac- 
tive esophageal granulomas produced. However, 
as far as could be determined by the reviewer, no 
evidence for neoplastic association has been re- 
ported for G. spinigerum in any host. 

The series of esophageal tumors reported by Sei- 
bold et al. have all been fibrosarcomas and osteo- 
sarcomas. Their malignant nature has been firmly 
and several metastasis 
have been recorded. Although these tumors have 
not as yet been induced experimentally, their asso- 
ciation with the helminth is altogether different 
than that, for example, which exists between ear- 
cinoma of the bladder in man (a relatively com- 
mon neoplasm) and schistosomiasis, in many areas 
a common infection. By while canine 
spirocercosis is not uncommon, canine esophageal 
tumors of any type are rare, and primary bone- 


established, instances of 


contrast, 


esophagus are practically 
The series of reported 


forming tumors of the 
unknown 
tumors, however, all apparently occurred in asso- 
ciation with this parasite. It is somewhat difficult 
to explain why this neoplasm has not been pre- 
viously unless important factors other 
than (or in addition to) the parasites are in- 
volved in Seibold’s series of Spirocerea sarcomas. 


in any species. 


observed 


DISCUSSION 


Helminths in host tissues present a com- 


plex host-parasite relationship. Many are 
not dependent upon blood, lymph, or phag- 
ocyte transport, or on colonial growth for 
movement within the host but, instead, 
migrate through intact tissues and organs 
where extensive damage may be produced. 
Because of their large size and anatomical 
complexity, helminths escape engulfment 
by even the largest of the host’s giant cells. 
Somatic tissues of the parasite act as for- 
eign proteins and, as a consequence, eosino- 
philia, dermatitis, edema, and other aller- 
gic manifestations are common to infeec- 
tions with many tissue-invading helminths. 
Protective antibodies are elicited from the 
host both in response to somatic antigens 


and antigens in the secretions and excre- 
tions of the parasite. The extent to which 
these reactions occur usually depends upon 
the degree of tissue intimacy of the 
parasite. 

As a helminth becomes less active in its 
host’s tissues, it renders itself more suscep- 
tible to encystment by the defensive cells 
of the latter. Such is the case when certain 
adult helminths, such as Spirocerca lupi, 
Oviposit in specific tissues or organs, and 
when Trichinella spiralis and various tape- 
worms spend a portion of their larval life 
encysted in the tissues of their host. In 
some instances the host’s cellular response 
is mild, as in the ease of porcine trichinosis, 
while in other instances it may be exten- 
sive, as in reported instances of parasitic 
sarcoidosis of man.*® In addition, the re- 
actions in immune or abnormal hosts may 
differ considerably from those encountered 
in the usual host. In murine cysticercosis 
(Taenia taeniaeformis), canine spirocer- 
cosis, and possibly other helminthiases, this 
cellular reaction of the host may assume 
malignant characteristics. 

On the basis of the available literature 
regarding neoplasms ostensibly associated 
with helminthiases this reviewer concludes 
that only one causal relationship, that be- 
tween larval 7. taeniaeformis and sarcoma 
in the rat, has thus far been satisfactorily 
established. A similar relationship is 
strongly suggested between S. lupt and 
sarcoma in the dog although experimental 
proof is lacking in this instance. The as- 
sociation between neoplasia and _ schisto- 
somiasis seems to have some statistical 
basis, but the biological relationship of 
cause and effect remains to be established. 
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